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I.  BIOCHEMISTRY
A; Elemental Anélysés of Biological M&terialég
It is our objective to de&elop a method wﬁereby hiélogical samples
such as.urine,.feces,:feed, tissues,'etc.,zcah be énalyzed in a unifofm o
manner, accurately, reproducibly and with the least number of stebs, for
the nine elemeﬁts: nitrpgen,Aphospﬁprus, sulfur, chlorine, sodium;
potassium,‘calciﬁm, magﬁesium and irén. lSuch an approach is_ufgently needed
_for_studying metaboli¢ funciion‘ip animals during their growth stage, theif
adult maintenancevstage, or'when théy‘afé subjected to'varioué_expérimehtal
ébnditiéns.: ‘ o
Classes of‘material which must be analyzed include;
‘1) The diet -- "The ihput"
' 2) Feces ) o
~ ). "The output"
3)} Urine ) .
i) The,fofal animal body composition.-
The "inéut,‘éutput" ana;yéés‘are nofﬁally used in me{abo;ic'balénce
' studieéiiﬁ many labbrétories. However there existg consideréble‘divéfSity
- from one laboratdry.to another (a) in sample preparatidn for analysis,
.dépendiqg.on thé t&pe of biological material,‘and'(b) ip.the methods used
for quantificatiqn ofvthe individﬁalteléménts. | | h
It islfor these reasons that'a'uniform.procedﬁré QasVdeQeloped'and
tested in this laboratory. | | |
Foilowiﬁg-are_the_défailé‘and diécussionsibf'the various steps leading

towards the. quantitative ‘deterniina_tion of the nine elements:

1. Freeze drying. All materials, whether_iﬁitiaily homogeneous such

as urine or liquid diet, or coarse mixtures such as feces and inclusions



(of kné&n.origin and émoun%); various dry fbodS»éﬁd énihél'céfcasses; are
?linitially free;e dried.' The freeze drier,‘quipped witﬁ.fouf_sfainless
steel trays Qas‘a Virtis mpdel USM-15 with‘a cdn@gnser capacity 6f ébout
| 12 liters. ‘ | -

fhe samples were weighed and then spréad:uniformly éntb stainless steel
trays coated with a éheet'of polyethylene. The maximum loading of the tra}s
was pét allowed fo gxceed 7€8Aliteré of sublimed water...About 72 hours- were
required to'c0m§letely dry.the material under these éoﬁditions. Immediately
after opening thenfréeze—drier, the dried material was ¢ollecfed by lifting
thé polyethylénelsheét from the‘tray'énd-securing the édges tégether with
masking tape..-The tptal,bundle was-then yeighe@.- The.conteﬁts from thé;
Sheef were then‘carefuliy‘transferred iﬁfo a wide-mputh.glass jar of éuitéble
volﬁme equippéd with axteflon lined screwcap, ﬁy weighing tﬁ§ pplyefhylenef
sheet'with all the masking tape, the net dry.matterVQés détermined‘by qifference.
Ip additioh, by kng&ing‘the weight.of the'originél matefial theiﬁater content

was also assessed.

2. Fat extfactioﬁ. This pérf of‘the‘précedgfe wastarried gﬁt-ipla

well vgntiiated fume hoéd. Sufficient petfélegmiefhefr(bgiling‘range_éO°-60°C)
was added to the glass jar-to cover the freeze'dried contents,lbut occupying
no'mofg_thah 30%4of_the volume.' The contents were shaken and léft'standihg |
fér 24 hburs; The.thract was thén carefully decantgd'into a second jaf of
the same'volumé. ‘Pfeshlpetroleum,ether was added once-méré to the first jar,
cgpped,'shaken and again left sténding for 2} hoﬁrs. During the Second.period
~of extractioﬁ, the first exfract was'allowed to-gvaboréte.- It Qas.éstimated
.that the firét gxtractionlresﬁltéd in fhe removal of 90% or more of the fat
content.- By combining the decanted pétroleum ether from fhe seéond peri§d of

extraction with that remaining from the first period, both jars were left in



the fume hood-to enaporate to dryness. The evaporatlon could be speeded up
by placing the jars in 60°- 80°C water bath. By carefully welghlng the
extraction jar'before adding - the petroleum ether'and after drying the
extract, the net fat content can be obtalned |

3. Homogenlzatlon. The m01sture and fat-free matter was then passed

through a Wiley_mill. The result was a fine dry powder. The latter was
stored in a well capped glass jar.

4, eldahl dfgestlon. About 5 to 10 minutes before weighing samples

for the sulfuric acid’ dtgest, the sample_jars were shaken'vigorously'for |
several minutes. The "oust"'was allowed to settle before»opening the.jar.
Appropriate samples were weighed on an analytical,balance. Precautions
were taken to avoid air turbulence in:the'room. Digestion was carried out
in a rontlne manner as prev1ously descrlbed in publlcatlons from this
laboratory; Subsequently the dlgests were dlluted to. 550 ml w1th dlstllled
water to a precalibrated mark on the. Kjeldahl flask.v.

5. .Alkallne ashing. Chlorine and sulfur cannot be determlned 1n the

Kjeldahlfdigest._ Chlorine evaporates during heating aelhydrochlorlc acid,
ana sulfur cannotvbe measured in a sulfuric acid medium. To_avoidlthie
'inherent diffienlty with chloride and sulfur, a second sample was4subjected )
to alkaline aéhing. In this manner tne elements werefpreserved‘as non-volatile
compounds,”which were readily acid soluble. |

| A weighed, dry“sample was placed in an aluminum oxide crncible (Coorsx
.Ab g99,. 100 mlAcapacity)>and a solution of ootassium oarbonate was added.
The amount of potassinm carbonate added was‘roughly equal.to the tenth of
that of dry-sample by weight. Excess. potassium carbonate caused charring
which was difficult to.burn off. TheAsolution of potassium carbonate was

added .carefully onto the wall of the crucible and allowed to wet the whole
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sample. Mixing was accomplished by sligh{’agifafipn Of'fhe cfﬁcibié by Sand.

.The cruéibles were then placed in a kiln, pfoiided with a Foxboro
thermostat and temperatﬁre~control. Thé'feadings-én_tﬁe Foxboro thermostat
were calibrated Qifh_a Coie—Parmer Dyna—Sense'eieétrbnid pyfometer Model
No. 8396. The femperature in the kiln was set at 120°C for 2 hours to allow
all moisture to escape from_the sample{' Thén fﬁé temﬁéféturg was gradually
raised by.about.lOO°C_each hour to é final ashiﬁg feﬁperaEuré of u50°C.
After'4—6-hours‘the.sample was_éompletely ashed. It was convenient however
toAalléw the ashing to proceed Qvernightf

7 Occasibhally; black ash particles §ti;l'remained,'bht fepeated'analyses
for.chloridé showed no interference. Affer dqoling, lO_mi of 1:6 ahalytical
grade nitric aqid so;ution was:added to the'crucible to dissélve the céntents.
- The same 10 ml pipet was used to aspirate the solution and expel‘it'slowly
_'along the'inside wall éf the ¢ru¢ible in'ordér t§ diésolve ahy material'
that mighf have spattered. This waé repeated once of twice; and finally-
the solution was transferred ipto é iS.ml conical éeﬂtfifgge tube. Any
residugl undis;ol§ed partiéles were forced tb bottdmvby;céntrifugation,'and
fheasupernatant‘uéea:for analysis.

6. Aﬁalzsis. _Sqme of the elemeﬁts, namely calciﬁm,.magnesiUm, sodium,

ifon and phésphofus, could be analyzed in both the sulfuric acid‘solutién
§f the Kjeldahl digest or in the nitric acid solution fespltingvfrom‘fhe.
'alkalige ashing. This was actuaily done to check on the a§cupaéy and
r'ebeatabiiity résulti_ng from the two sample decqmposition _n.xe1_:hods._ Frém
theée analyses it became apparent (1) iron is best.énélyzedAiﬁ thegalkaline
ash rather tHan_Kjeldahl‘digest because - for theIfecommended-sampleAsizé
it is present in<ad§qua§e concentration for measurement, and (2) calcium
is also best_analyzedtiﬁ the nitric acid solution feSuiting from the

alkaline ashing ﬁedium, because it solubilized more completely than in the



.
gulfﬁfic acid‘ﬁédium’of'the Kjgidahi‘digesf.

The me thods employed for the”quéntitétive estimafion.of the individual
elements Qere péeviouély devéloped in this iaboratory.ahd:are the same as
routinely used here, ﬁamel&:- 1) atomic absorption for éalcium;~maghésium,
sodium, potassium and iron; 2) color development_withhsﬁbsequent spectro-
photometry for nitrogen and phosphorus; 3) élgctréﬁetrié determination of
chloride;.and 4) nephelometriclestimation ef sulfur éé.éuifate. For
reasons yet undetermined, diffitulties have been enéountered in the
reérodﬁcibility of the sulfﬁr analysis‘from the.ashea-sémplgs;

An indirect method for the analysis of sﬁlfuriﬁas also tried. It
cbnsiéted of pfecipitating the sulfate with a khdwn amount of barium, and :.
mgasuring'the'excess barium»(in‘the_sﬁpernatant) by atomic-absbrption.v
A1l the inherénf.difficulties in the quantitative pfeéipitation of barium
wére presént_' ?inearity.was-bbfaingd-és‘a fuﬁ;tion of. concentration versus
afomié absorption réadings; hoﬁévéf; the.sensitiVity was_extrémely low. -

'WO;k will cdntinueveither:to improve the'procedure forvsulfur using-
" the light scaftering qharacteristics'of a suspeﬁsion of_bérium suiféte, or
to develop a new apéroach using. a method which reduces sulfur to éulfidé
and détermines the iatter.by electrometric microtitration.

: To,test_the fotal procedure for fhe analysis of fhe nine elements in
maferial of bioiogical qrigin, a:standafd chemical mixture was prepafed and
tested. Tablé i indicates the composition of the'sfandard chemical mixture.
Table 2 shows fhe,resﬁlts of‘separate analyses for bovine liver, a sténdard
mixture, and a combiﬁatiqﬁ of(the'fwo for a'"recovery"istu&y;' The bovine
liver was chosen as a standard reference material because-if‘was‘prepared
by the Nétional Bureau of Standards énd had a certified.chehiéa; gomposition

for seven bf»the elements of interest. .The recovery results shown in



Table. 2 are as gocd or better than those ebfained_by fﬁe Natlonal Bureau
of Standards;_ | | |

The total method forvallﬁthe elements exceptlsulfﬁf_is now being
utilized in the aﬁalyses ofﬁeﬁole monkey carcasses which-were-grouhd,

freeze dried, defatted and powdered.

B. Microelectrophoresis.
1. lechnical_improveﬁents have beeﬁ made_for samcle;applicatione

fo effect sﬁperior resolﬁtion. B

'i 2. Further studles .of the fractlonatlon of the 1soenzymes of
phcsphoglucomutase have been carried out. It appears now that the'
supporting medium of choice is:cellogel, because lt will accept a larger
sample about 4 times that usable.with cellulose acefatef, Thcs, fhe minor.
bands in the electﬁophoretogram beccme visible. As a'result, genetlc
typlng of blood will be possible. | |

Llpcprotelns. We are now able to perform llpOproteln fractlonatlon

and phenotyplng on cellulose dlacetate with 0il-Red o staln 0il- Red 0 on
,cellulose trlacetate prev1ously used for the electrophore31s of plasma'

proteins was unsatisfactory for the specific differentiation of lipoproteins.



II1. BIOINSTRUMENTATION

A. Monkey Pod Restraint Subsystém.
To pfovide optimal conditiéns'within'the-réstfaiht subéysfem of .
fhe‘monkey ﬁod several ﬁbdifications havé been made énd tesféd with a
'honkey interfacé_during this repbrt-periéd. Adﬁustménts weré made ih the
lower couch, jacket and:thg flexibie waste seal.

- The plastic couch féferred to in Status Report No;-lé has_féplaéed the
stéiniess steél,framed device used pfeviously% To acgoﬁhodate a greatér
rangé of morphblégicél variatiéh iﬁ the lowgr extremitiés stainlesslsteel,
spacers have'beep.incorporated laterally midway”in theﬁarea of the upper
and lower leg portions of the éoﬁch. These extenders brévidé a potential
ianease of 1, 2 or‘3 cm in~length from the minimum'coﬁfiguration.
| Instead of attaching the jackét support to the couch by means of
braidedﬁnylbn cordbas described in Statué Repoft.No. 20; 5 em width Velcro-
sffips hévé been éécubed to thevperipﬁery. Thus, ipdiVidual support and
Amonke& positiOning‘within the couch can bevmaae_more readily and‘preciée;y.

Tﬁe waist divider seal design aﬂd fabriéation.has inliied several
types of materials. The multipieced design describea in Status Reéort No. 18, -
invoiviﬁg latex rubber and dental dam was used to fashi;n_several si;es to
accommodafe a series of monkeys in tﬁe‘adult male gizeirange. In additibn;
mold fofms ﬁave been made to the dimensiéns of the iliaé-creét circﬁmference
and lower thoracic circumference. Spray-on silastiq<méylthen be used to
fashion a one;pieqé divider seal, which appears to provide a betfer ieakdproof :
_arrangement with improved.dermal compatibility. Inifiélly, the silastic:

“seals were made Qitﬂout a_reinforced mat-aﬁd some'weaknéss developed in their

‘structural integrity. With the incorporation of nylon tricot in the
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_ fabrication of the.Seal its strength has been greatly improyed.A The silieone
also has an advantage over the. latex in 1ts greater re31stance to deterloratlon
'w1th time and the 1mpact of blologlcal flUldS. . o V

With the adjustability available in these portlons'of the.restraint
subsystem, lO monkeys in a- welght range of 9 to 12 kg were submltted to
interface trlals of 24-hour duratlon. The results of these trlals.further .
defined a set'of conditions for the optimal oonfiguration of restraint for

each individual monkey.

- B. Pod Gas Metabolism Subsystem.

~The development and construction of a monkey‘pod,'including an
upper hood sectlon for respiratory gas exchange measurements was descrlbed
in Status Reports No. 18-20. In the gas metabolism subsystem, gas is drawn
through the outlet port of . the pod by a Metal Bellows Model MB- 150 Pump with
an operatlng range of approx1mately 5 to 15 liters per minute. The flow
rate of the maln stream from the pod is adjusted by means of a plnch—cock
on a s.lde arm tube, .lea.klng in a variable volume of make—up air just upstream
from the pump, and downstream from the analyzer 31de—arm. Air flow rate
through the outlet port of the pod is measured by an.on—llne hatheson-
Model'GOu Flow Meter.' Turbulence in the-main'stream'ls muffled by.lntroducingl
a "windkessel" in the flow between the pod and the pump Cas'from-the main
flow is’ sampled through an analyzer side-arm by a Metal Bellows Model MB-21
"Pump with an operating range of approximately 100 to 500 ml-per minute._ The
" flow rate in_the analyzer'line is adjusted by means of ‘a needle valve
upstream from the pump and measured by a Matheson Model 502 Flow_Meter
downstream from the pump..'A two—way valve between the'analyzer side;arm

and the needle valve permits sampling of the main flow from the pod,. or

(4
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alternatively, froﬁ a line leading to calibrétion géses and room aip; The
composition of a gas mixture is detérmined by pass;ng’the'sampie'fiow in
sefies through a Cambridge Mbdei 137-CS Aircraft Hygrometer System for water
vapér content, é'drying-fube, a Beckﬁan M§del LB-1 Mediéal'Gas Analyzer for
carbon dioxide éontent; a Béckman Model F-3 Oxygen Analyzer for oxygen
céﬁtent, and a Medi-Science Model.205—AR Nitralyzer for nitroggnyconfent.
The éntireAarfay_of analyzeré; flow.meters, pumps,’?alvés; etc., are housedv
in an incubator box, 30 inches wide, 36 inches long, and 40 inches high,
with a controlled temperature of 3790, to énhance instruﬁent stability and
‘to prevent cqndénsation~of water vapor in the systemjlinés. The signal
outputs of the analyzefs are recdrded on a Br#sh Series 1707 Recorder.

The respiratory gés excﬁange of the animal is detefmined by the |
difference.invcomposition between the incoming room air and the air leaving
the pod, i.e., AFp, and AFco,, and the floﬁ rate of air.thrqﬁgh tﬁé pod. As
a means of evaluating the reliability of the gas metabolism system-for
measﬁring_oxygen‘cénéumption and capbon dioxide productiorn, test'runs were
cérried'out by burning an élcohol lamp in the ﬁood sectiqﬁ‘of the pod. From
thé'equation, CoHsOH + 3 0 > 2 COp + SIHZO; the'precige quéntities of
oxygen consumed ana carbon dioxide produced can be COmpﬁtéd by measuring the
quantity bf alcoﬂél burned or consumed; The resultsldf a seriés of such>-
-meaéuﬁements are shown in Table 3 to indicate the accufa;y and test-retest

reliabilityvof the system.

C. Péd.Lower Body Negative Pressure Subsy'stem-.
The design goalé for.LBNP instrumentation'to be incorporatéd into
the monkey péd'were discussed in~Statué Report No. 20. 'Two reqﬁirémenté
for this instrumentation were (1) adjustability of the waist seal to fit

monkeys in the 8-13 kg weight range and (2) minimal additional restriction
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of subjéct movement during périods when negative‘pressuré'isvnot~app1i§d.
| ' Thé LBNP‘insffpﬁentation fabricéted'dﬁring the last_Stafus Répoft period
was tested with thé monkey pod énd was found to satisfy the éécond, but not
the first, requirement,' The distance between thevsideAraiis_éf fheréod
restraint couch was then increased by about 4 cm, which aliowed the use of
a three-pieée waist séé; (in piabe of the former two-piece ééai). Concurrently
wifh the develépmént:of the mbdified waist seal, a 6ﬁe—piece:divider seal
was fabricated psiqg a'sprayéble,,silicone rubber (9?—009=Dispersioﬁ Coating,
Dow—Corning Corp., Midland;’Michigén). This seal is graded in thickness
from 9 to 18 mils. Theiéenfral.sleeve whicﬁ contacts théfmbnkey;s'abdqmen_is
thin and highly flexible and the-flat diaphragm.portion is thicker-aﬁd is
reinforced with nylon tricot faﬁric inbedded in thé_silié@ne.

The three-piece Qaist seal and the silicbne'divider.seai were tested:
with an uninstrumented monkey in.the pod usiﬁg‘the suppoptiﬁg:LBNP
iﬁétfumentation désqribed in Status.Report No. 17.' A viscoelastic seat’
'cuéhién describéd in Status Report No. 20 was used with the pod restraint
COuéh fﬁrvthié test. The ma#imum.presspré differéhtia1 acroSs the waist
seal obtainablelwitﬁ_thié.systemIWas 30 torr. Sevgral tfiéislof 40 to 60 torr
"LBNP in th; supine bositioﬁ were made with minimal diécomfort_for_a monkey.

_Two sizes of three-piece Qaist seals have been fabricated and three
sizes of silicone.divider seals are being fabricated which should éccommodate
mosf monkeys in the 8-13 kg wéight range. With zefO»ﬁreséuPe differential
,acrosé fhe LBNP waist séal;'the monkey in the'seated_up?ight Positiop caﬁ
move aboUt.l—l.S-gm,in all directions pérpendigular to the main’bpdy axis.
Addi tional testS'of 7 days duration.will be made Qiéh the waist seal and
silicohe divider séél installed on a ﬁonkey to detepmine if,these devices

can be toierafed during longéterm pod restrainf.' This evaluation will have
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to be made prior td using the'LBNP/pod system qu studies ofrfhe effectsAof'
upriéht_poa réstraint on cardiovascular.decondifioning (seeLStatﬁs Repért 
No. 19). The develapment in this:laboratéry of an implaptable telemetry
device to monitor aortic bléod pressuré,should provide aﬁ ideai methodffor
obtaining heart rafe and'blood pressure measurements during LENP/pod.

experiments.

D. Pod Blood Pressure. and Temperature i’elemetry VSubéys_ter'n.

An implantable telemetry transmitter has been désigned to.trqnsmit'
pressure and temperature information ffom an indwelling transducer to be. A
inserted into the‘éorta of a monkey. The transducer consists:of.a 5 kohm
piezoreéistive bridgé and a 6 megohm transistér,'both housed in a shell 6 cm
in diameter by 1-1/2 cm deep. Sensor leads pass.from’the aortic wall to
the transmitter, which in turn will be atﬁached to the apex of the pleurgl
cavity; The tranémittér measures approxiﬁately_5 cm by 2’;@ by 1-1/2 cm.

" The traﬁsmifter circuitry consists of two sub-carrier oscillators, one
for.temperature_ahd the other for pressure, a maiﬁ'RF éscillator and a
switching circuit alternating between pressure and temperature signals.
Temperature iﬁformation is transmitfed for 20 seconds pef cycle while pressure
is tréﬁsmitted for 4'seconds. This arrangement is neceséary to reduce béttery
drain; since_the:5 megohm temperature circuit draiﬁs,much'less battery power
than the 5 kohm pressure bridge. |

_ _The receivihg circuits have been completed and are presently pndgf test.v
Implantation of the'Uhit'is planned aftep complefioﬁ of bencﬁ tests and

calibration.
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E. Construction and Initial T@éfing‘of a Six-Channel Temperature
Telemetry System.

A transmitter with six thermistor probes attached was designed to

be implanted in a pig-tailed monkey for sequential tpaﬁsmission of temperatures

from six different'anatomical aréasf‘ The probes varied’in length from 6 cm
to 50 cm and were designed to reach the fqllbwing-organs{ 1) psoas muscle,
}2) kidney, 3) portal véin,‘u) liver;-s) aorté, and 6) brain. The tfansmitter
is to be attached-to the psoas muéélé'just caudad té tbe kidney..
The transmitter circuit consists of 6_$ub—carri¢r oscillators'cohtfolled"
by the 6 thermistor probes, a Rf_main osciliator, aﬁd a'rihg counter to
sﬁitch the 6 thermistor—control;ed circuifs in sequence. Battery péwer is
provided for'épproximately 1 yeariof'operéfion. The transmitter exclusive
of probes measured 8 cm by l.7_¢m. -
| . The instrument was implanted in an adult»hale monkey but failed to
funéfion. 4After‘removal from the aﬁimal, it was'defe;mined that accideﬁtal'>
damage to one of tﬁe probes during surgery permitted wéter to.leak into the
circuitry. | |
Another impiantationVWith'the repaired unit is scheduled for the near

future.

"F. -Silastie Urine Célléction Device.

A technique for the coilection of the total uncontaminated urine
output from a restrained monkey for a period of sevgrél,dgys»i; éurreﬁtly.
under'deveiopment in this labbratory. The colleétion device is a thin-walled
silicone tube open at both ends and of sufficient internal diéﬁéter to be
piaced oVer.thé glaﬁs'penis of -an adult monkéy. |

The monkey penis has a relatively large glans to penile shaft



cipqm‘nfemhée;fatio,f In the initial model, a S'ii'ilc-:one.‘ _r'ing- w‘a'slb_'o:nd_gd't'o
the pfoximal end of the-tubing._-Preliminary-tésts haQe‘shown that‘wﬁeh ring
is expanded and blaced §ver the.glans and allowed to retractron the penile.
shaft_the.siliconé tube fofms a'rélatively liéuid.tight conduit witbouf
restricting blood flow in the peéié. | | |
Spme difficultiés were encounfered with fhe‘éxﬁahsién of.the ripg when

bohded‘directly to the tubé,xbut a satisfactory solution &as_achiéved Qhen
the tube wésbpositioned>approximately one céntimetervpast tﬁe glans and a
. properly sized expanded rubber ring was passed over thejtqbe and allowea

to éoﬁtradt against the shaft. This dgvicé was-éuécessfully uSed-fér a
fbuf*déy.urine colléction from the couch reéfraingd'monkéy,‘#379;Fitzﬁatef.

No tissue reaction was evident upon removal of the silicone tube.

é}..Adﬁpteéifbf CSF Catheter..
To minimiZevthe chancés_Cf:bacterialvinvasion and §tili allow fhe
withdrawal of‘cleaf cerébro—spinal fluid when needed,-a deQice has been |
adépted_to.perform fhis.functiQn when placed on the diétal énd'of an
exteriérized éathetér. The cathefer’is passed through_the centraibapérturé
.of a Cléy-Adams adapter cap and héaf flarea. A threéded insért pbrtion for
the édapter was fabricated of 316 stainléss'steel Qith an increased diaméter

at the unthreaded end fér the pla¢ement of a rubber'sefuﬁ vial stoﬁper."
A sterilé 25'gauge'disposablé needle can then be aligned in tﬁé center of the
cléansed rubber stopper, a puncturé made and the saline filled catheter |
allowed to clear-with the forée of internal préssureAand then a sample of 

CSF removed with a Sterilé sjringe.: Fdllowing‘sgmpiipg;.thé.catheter is filled
- 'with sterile saline anduthe neédle removed. Thé rubbgr_sefumﬂvial'stOpper>.
can be easily replaced at intervals foliowing sevéral‘sémplings and before

the beginning of physical deterioration of the rubber. A
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III. NUTRITION |
o A. Monkey Nitrogen Reqﬁiremént:'
Trials leading/té the detérminatioﬁ of tﬁé proteiﬁ requirement of
-tbe pig—téiléd monkey were concluded in April of 1972.>-The methodology -
utilized has been previously indicated in Status_Réporf Nd,720.
| Table 4 contains the_cbmpléfé data'from‘mbpkeys_fed liquid diets
providiné ihtakgs Qaryiné.from 0 to 2.70 grams of'nithégen per da&,.
Integuhental ibsses, iﬁcluding all%nitrpgeh losses e#cept those fromAfhe.
urine, féces,'énd gases were determined and these valueé are shown in
‘Table 5. . | |
An apparentAp081t1ve baiance éppears when the émount of nltrogen in
the diet exceeds 1l.14 g/N per_day. This led to the con31deratlon of - the
pbssibility that at levels higher‘than 1.14 g/N_per day gaseous loss of
nitrogen.might'také'place through the iungélor'ofhgr channels;':'
From all éonsideratiops a suggested optimum protein_alloQanée’for fhé
pig-tailed monkéy‘wés estimated for both‘an ideal protein, such as wholé '
' égg, or a mixture pfiplénf and-animél protein‘with a b;ologiéal value

about 70%. These allowances are given in Table 6.

B. Monkey C’aZeiwn.Reqﬁiremerit.
A prellmlnary protocol lncludlng a llterature search’ and
1nvest1gatlon of types of palatable 1ngred1ents sultable for deflnltlve

calcium balance trials with non-human-prlmates has,been formulated.
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IV. PHYSIOLOGY
A. Pod’ Metabolic BaZ_cmcé Tests.

Sevérél trials'havé been}conducfed to détenmiﬁe the metaboiicleffecté
of pod restraint on the pig—tailed mpﬁkey. An éxéerimental protoc;l was
established to encompass an lS;day frial in which the experimental subject
was observed for 6 days:in the éage,‘folléwed by a pod period of 6 days,-and
a»post—pod'cage pépiod pf 6-days. Body weight aetermina;iohs were mgde on
days 1, 6, 12 and 18. Twenty—foﬁr hour determinatipﬂs of food and watgf'
consumption were made thrbughoqt the_éntire pefiod. Daily feées-and urine
outpﬁt were comﬁined'forteach ofltheAG-day periods. 'This material was :
processed in a manner déscribed in Status.Report No; 20 f&r subsequent
chemical anélysis. The food and water éonsumpfiqn for 5 trials on 4 monkeys

is shown in Table 7.

B. Pod das Metabolism Tésts.

'Following‘the construction and initial'reliasility testé of the_
monkey pod restraiﬁt ana gas metaboliém subsystem described under tﬁé
Bioinstrumeﬁtation Section of this report, oxygen copsumpﬁién and carbon
dioxide ﬁroduction were measured on an adult male pig—téiied monkey ,

#314, Pompey. The experimental subject was placed in the iower and middle
pod sections for' 5 continuous days and alléwed to conéume food and water

ad libitwm. From 3 to 4 hours each day the upper pod was pﬁt_oﬂ, ahq
continuoﬁs measurements éf the respiratofy gas exchangé were made during

- this period. Téble 8 éummarizes dafa-obtained from this frial and includes -
.measuremént parameférs which reflect some of the physiéal éharacteristics

of the system.
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C.. Monkey Tem?erature folerance.

The'gxperimentvprotocol for this study was described in ‘Status Report
No. 19. Rectal temperature and heéft réte~dafa at 6 bf théﬁe totgl air
temperatures for'monkey #378 were presented in'Table 9 of Stéfps Report
No. 20. Before the éeriés couid be completed, this:subject developed
chponic diarrﬁea and anofexia ana died within six weeké.  The finding$ ét
autopsy did ﬁotlgive evidence supporting a connection bétwéen this animal's
illness qnd_participation in tﬁe tember;fure tolerancevéxperiments.

Thfee additional monkgys were chosgn for testing an¢ subﬁectgd to the
8 air temperafureslfrom 5° to 40°C at 50% re;ative h§midity. Eéch monkeyj
was initially tested at a neutral air témpératuré (256C)*fr§m'; to 4 times
in an aftempt t§ condition the animal to the tofalféxpériment protocol.'-

vTegting at the remaining éir,temperatures was begun for each.subject when
the monkey would sit in the restfaint chair relativeiy éalmly thpoﬁghouﬁ the
2-hour control period. The sequence of air temperafurés:for a given monkey
_wastchoSen.randqniy.

A total of 3 tésts withv2 monkeys.at 35° and/pr uobc aif'temperatgre
were terminated gariy due to éxtremely high rectal'téﬁperatures. -Inithese
cases the enViroﬁmental chamber wasvset in the cooling mode, the chamber door
opened and the subject monitored ﬁntil.rectal tehperatufe appfoached the
control value. All 4 subjects were able to completé the tests at thé.cola
air teﬁperatures.

Temperature toleranceAin these tests was based oh'the following
“definition of %hérmal equilibrium.' If a'squéétlmaintéined a constant
rectal temperature (0.1°C change, or lesé) ddring'the(laét 80 minutes of
the tést then the éubject was judged to>be in thermal equilibrium with

the environment and hence able to tolerate the'environmenf. In this way
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a maximum and minimﬁm’air temperafureiwhiéh could ﬁe tolerated was:détermihed
for each subject. Sﬁmmary data shéQing final recfai teﬁperatqpés for four
'subjects at air temperatureé fromv5° to 40°C are showﬁ.in.Téble‘Q. Data

fﬁdﬁ monke} #378 menfionéd above, is inéluded, due’ to the fact that ﬁo signs
of illness were pfesent during the tests and there is no’indication that the
data for this subject-differs from the data for the reméiniﬁé 3 subjects.

The rectal témperatures_at thermal equilibrium ranged from abéut 37.5°
fo,39.0°C. For the coldest temperatﬁres at which eéch‘subject_was in thermal
equilibfium the rectal temperatures ranged from 37.4° to é7.$éc. This_Séme
range for three of theiu'subjects in the‘heét wés 38.8°-to 39.1°C.‘ Subject
#408, the exception‘in this caée, was unable to maintain therﬁal equilibrium
near 3906. One contributory factor was this Subject's.tendency to struggle
in the restraint chair after abput 2.h§urs in the eﬁvironmental chamber.

'fhus iqcfeasing heat production and rectai temperature. The final average
control rectal tempefature for tﬁe 30 tests witﬁ L subjécts was 37.8°C.
Thus 3 df the 4 subjécts could tolerate'abouf a 0.3°C drop in regtal'
temperature in the cold and a 1.2°C rise in the heat.

Thermal equilibrium was attained at a wide ranée of air,temperatufés
in the coid (from 5° to 25°C) but 3‘of the 4 subjects could tolefate at
least 15°C. Three.of the 4 subjects could foleraté BS?C as their maximum

‘in the heat. Subjeqf #405 was able to tolerate air temperatures of 5° to. 35°C.
This subject began shivering soon aftérAentering the éﬁéironmental chambef at

- 15°¢C éﬁd colder tehperatureg.:»The rémaining 3 subjects wefe(either not |
observed shivgfing‘or shivered only.atithe 5°C air temperature. This

-variability in shivering may'accounf for much of the differencé ihAtheir

ability to tolerate cold.
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‘None.of the 4 subjécts showed a transient ris§ in rectal temperature
when moved from_the control air temperatﬁre of 23°C to the environmentéi
chamber at 5°cC. The‘typical fesponsé in human subjécts for this samé air
temperature change'is a 0.3° to 0;55C'rectal temperéturg rise due t§
peripheral vasbéonstrictién. This sugggéts that the monkeys in this study
were close tq maximally Vasoconst?icted at the contrbl air temperaturé.
Pilq—eréctionvwasvprevented in this study due to‘the‘rather"cléée.fitting
nylén restraint jaékétfwhich was wqrﬁ over the monkey's thofax and . abdomen
and was’' no doubt of little impbftaﬁce‘as é ﬂeaf conserQation méchaniém.

The generai behé&iéral response to.the c&ld segn‘in the 4 subjécts was

an éftgmpt to "curl up in a ball", but since this was mostly prevented by
the design of the restraiqt chair only closing.of~fhé hahdg and feet was
possible. Two éf the subjects increaéed-their'grésSibody moveméntsAat the
_coldesﬁ air temperature. |

In the heat the monkeys tended to "go limpUAand some increase in surface
moisture.was 5bsérv¢d on the haﬁds ahd_fgét. The skip on the rest of the
body.remainéd'diy fo tﬁe touch. Three of the U subjects increased theif
struggling in'tﬁe restraint chair as rectal temperaturé ihcreased. No
'pantipg was observed But one subject kept his ﬁautﬁ‘open during the latter
part of a test at 40°C. |

.The heart rate response to air temperatures from 5°‘to 40°C for the-

4 subjects is shown in Table 10. Each data point is the change in. heart
faté expressed as the final raté‘at a given air temperafure.m;nus the final
rate during the porresponding"cohtrol period at 23°C. It éan be seén that
the minimum change ‘in ﬁeart rate occurred between 20° aﬁd 255C. Ail 4
subjects showéd an increasing heart r%te with increasing air temperature

above 25°C. Three of the 4 subjects showed an increased heart rate reaching
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a maximum (about 30 beats/min)'af a fingl rectal tgmperatufe of éboﬁt 37.5§Cf
This was the lowest4rectal:temperature‘ét which,the subiect group could |
maintain thérmal géuilibrium; ‘Subjeqt #377 did not show a heaft rate increase
in fhe cold. For this‘ﬁpnkéy there was a fairly difect relaﬁionship between
heart rate apd,rectai'temberature from 5° to L0°C air température. 0f the
remaining 3 subjecfs, #37é and #408 both had a decline in heart rételgs
rectal temperaturefdécreased.below 37.5?C at tﬁe 10° or 53C air temperature.
Because the heart rate response - in these‘teSts was quite.vafiable,

especially in fhe cold; and becagse therelﬁege only 4 data.pointsfat a
giyen air temperafﬁre it is somewhat premature to draw'conc;uéions. The
data do suggegf, however, that as rectal temperature increases above the
control value there is a corresponding ihcrgase in -heart rate. This increase
may be dge to a_direct temperatureleffect Qﬁ'chemical reaqtion rates causing
an increase in metabolic rate; but the effect of'fbe o#served increase in
Boay movement muét also be a contributingvfactor. ‘An increase in metabolic
_rate‘due.to shiQering or non-shivering thefmogenesis as réptal temperéture
decreasés below cdntroi values may produée the heart fate inérease noted
at rectal temperatures near 37.5°C. For rectai temperatures below that
pqint tﬁe directvtemperature effect on chemical reaction rates (inéluding
cardiac pacemaker fissue) may be the ppedominating facﬁor‘in fhé observéd
héart rate decrease. The possibility of an increase in heart rate due to
gross ﬁotor movement ét fhe 50C temperature must also be considéred,
especially for subjecfsﬂ#uos and #408.

'AAll éf fhe above temperature tolerahcgltests have been-conducted at
50% relative-hqmidify. In the future, tesfs at 25° to 40°C will be conducted
~at both low (20%) and high (80%) relative humidity. These tésts should‘

indicate the relative importance of evaporative cooling mechanisms in the
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pigftailed monkey. If evaporatlve coollng mechanisms are 1mportant in thls
species it would be expected that the upper llmlt of thermal equ111br1um

‘ would be lower at 80% compared to 20% relative humldlty due to the greater

efficiency of these mechanisms at the lower humidity.

D. Monkey Biorhythms.

" In Status Report No. 18 experlments were descrlhed in whlch monkeys
were irradiated w1th a proton beam in an attempt to ablate the pineal gland.
>The lumbo—abdomlnal temperature (LAT) rhythms of these anlmals were monltored
and the animals werelsubjected to two 180° L-L‘shifts of the llght-dark
cycle (L:D, 12:12) before and after head irradiation. AResults of that study
showed no effect of head irradiation:on the‘time to shift the LAT rhythm 180°.
"Histological examination of at least two of.the three irradiated animals has
shown that the area of radiological damage did:not»include:the pineal.

‘As the.irradiation technique'did not prove to he a'useful method of
pineaiectomy, aisurgical approach was made on monkey #364, Lysimachus. This
proved (as desoribed‘in the Experimental Sungefy seotion of this reoort) to
»4be a more succesSful.method of removing pineal tissue. Histological
examination of the'removed tissue shows it to be pineal tissue,vbut whether
‘there.has'been partial or complete'pinealectomy will not he known until autoosy
of the animal. |

Two months after pinealectomy, a temperature fadiotelemetep was surgicaliy
4 imolanted retroperitonealiy in the lumbo-abdominal megion:of monkey #364.
Following sntnre removal, the monkey was placed'in a room_with two.Othef
monkeys who also had temperature implants.b The'room temoerature was
maintained at 25°C + 1°C and fluorescent light on a timer circuit provided

12 hours of light and 12 hours of darkness.
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LAT's were monifored céﬁtinuously from' the ?ransmitter outpﬁt, and
.were analyzed for rhythmic.flﬁctuafions by the lével—croésing téghniQue‘
previously described in Sfatus-Report No. 18; . |
Affer a control period of 30 days to.éllow thé LAT rhythﬁs to become
stable, the animals were subjected to three 180°.th shifts with 29 days
“between each shift. With this length of.interim‘périodAﬁétwéen shifté,
LAT rhythms had étabilized fof'at least 2 weeks prior to‘;ﬁe »ﬂext phase
shifts. - |
The results of thes§ phase shifts arg'given'in'Tablevll:whiéﬂ.éhows
the number of days frémAthe qompietion of thehshift,neéessary.fof
restabilization 6f fhé ievel—croséing point iﬁdicatea. . Four ievél—croésing
poinfs are considered in this analysis: the time at which the temperature
has risen one mean—ranéé quartile, the time at wﬁich the tempérafufe has
risen two mean-range quartiles (that is, has risen to the mean vglue), the
time at which the’temperature‘haé fallen one mean—r#nge éua}tile and the
time at whiéh the teméeraxuré has fallen tﬁo mean—réngé éuartileé (that is,
- to the mean value for fhe day). Considepaticn*of these U crqssihgé gives
an indicatiqh of hoﬁ long it takes for the rising and faliiné portibhs of
the fempefature rhythﬁ to adjust after a "zeitgébep" or environmental
synéhronizér phase shift. | |
From the data presented in Table ll'it can be noted that in most
instances rising léyel-créssings reqﬁire oﬁly onevday to shift. This may .
"be dﬁe to what Aschoff calls "masking", in which case the tufﬁing on of the
lights is postulated to cauée‘a_tranéient rise in the LAT by an as yet
undefihed mechéniém. This transienf‘resPonse may be'superimposed on the
underlying rhythm ahd, 5ecau$e the rise is a significant‘event relative to

the daily mean,the level-crossing analysis results in a’very.rapid.shift
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of.one’of the rising.crossing points, In only.tmo cases;do both rising
crossings show this rapid shift.- The rapid shift of the rise time was not
seen in the preVious.phase shift'study. The differences in phase—shifring
"time may be due to a difference in the level of ilinminafion in the two
rooms in whioh the studies were conducted.”

Comparison of the data in Table 11 for the.pinealectomized'animal
against the other unoperafed-control animals shows that in all oases_the
pinealectomized animal took longer for the LAT rhythms to shift, if one‘
takés the longest.time for any of fhe quarfiles to represent the time.for
complete shlftlng of the LAT rhythm. In some cases thls is only a matter
of 1-2 days, whlch may not be 51gn1flcant w1th thls analytlcal technlque
.Sequentlal phase shlft trlals presently 1n progress may help to clarlfy the

existence of this phenomenon.
E. Plasma Volwne.'StuaZies Using Radi‘oio‘dinatvéd.'Sérwﬁ Aibimin_and
~ Fibrinogen. | N

Although radioiodinated serum albumin (RISA)‘has‘been.in'rontine use
clinioally.for‘the measurement of plasma volume in man, and in this iaboratory
for'pig-failed monkeys, it is becoming evident that its use results in a |
small, but appreciable (5—16%5, overestimation’of the true plasma volume
because of diffusion through the'blood'capillary_walls; The use of the
larger labeled fibrinogen molecule has been suggested.fo:obviate'this error.
A study is preSently in progress to test this suggested improvement,.by the -
» Simultaneous measurements of plasma volume in a series7of monkeys, nSing
lsll—laheled‘alhumin and 125I-'labeled fibrinogen. The results_for_phe first

two animals in the series are shown below:
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o lQSI—Fibrinogén ' _lI—Albﬁmin,«- - Per Cent
Animal No. Plasma Volume Plasma Volume -~  Difference®
© (ml) , - (ml) '
2 . 32 e 3.3
328 © s 330 - o 5.1

* % Difference = [(Albumin Spaée e‘Fibrihogeh:Space)/Fibrinogén Space] 100.

F. Méasurement.bfvExchangeabZe‘Fbtassium in Pig¥£aileﬁvMbnkéys,
| The.determination of exchangeable potassiﬁm by the-isotopé dilution

technique using 42K'has been suggested as é’measure of the_égtivelyAmetabolizing
fraction of the body, i.e., the active protOpiasmié cell mass;iand is akin
to the ﬁeasurement_of total body pofassium by whole .body scintillatién-
counting. l+_2K’:’i_s iﬁjeéted into the subject intravengusly*aﬁa»ali of the
urine is.¢ollected for the duration of the procedure. Following sufficient
time for eéuilibration_(1-2.days), a samﬁle‘of urine is aﬁalyzed for MQKV.
by scintillafion counfing, and for total K by!flame ob‘atémic absorptién
spectrofhotometry; Exchangeéble potassium.(Ke):is,theh computed from the

felationship: _ ,
: 42, . . - 42 C . .
K = K injected - ‘K excreted (cumulative) .

H2y specific.activity in urine
It is clear from the above that total and qompléte colleétion of the urine
is .an important requiremeﬁt, aﬁd pafticularly in'fhe monkey , represenfs-the
mqst_diffiéult technical problem.

. After several trials at devising a suitable means for'quantifative
. collection of ufine‘frbm a pigftailed-ﬁonkey for 2—3 &ays; é safisfactory
4 devicé and technique has been obtained. The descfiptionAéf‘this devicé(is

given under the Bioinstrumentation Section of this report. Simultaneous-
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measurements of exchangeable potassium by "2y dilution, and total'bddy

potassium by whole body scintillation counting of uOK, will be hadevih a
‘[series of monkeys to examine to~relationehip betweep fhe two parameteré.'f
Although “2K has a very slow equilibration time which makes for a
 cumbersome preeedure, and ﬁay indeed never exchange-completely Qith some
small‘fractioh of_tﬂe body potassium pool,.the measurement might be useful
_in sifuations where the cost and mainfenanee essociated with whole body
counters and the bracticality'of its operetion undef field.eonditions are
limiting considerations. However, conclusions-eoncerning the validity ef .
the 42y exchangeab;e potassium determination must ewait completion of the

current study.

' G. Monkey Blood Oxygen Transport.

| ‘Preparatory to'a study on monkey blood oxygen‘fransport, it was™
deemed necessary,to.study the effects ef refrigeration of'Slood samples for
periods up tolsix hours, Secause of the time reduired fo complete the
biochemicai aﬁalyses involved. Venous plasma lactate, with an initial
cenCentration of about 1.2 umoles/ml plasma.was found to increase b& roughlyu
0.2 pmoles /ml plasma/hf.. Venous blood-pH, initially abeuf'7.42, increased by
about 0.01 pH unit/hr.. Both the lactate and'pH changes are statistiealiy
significant. Both arterial and venous P¢02 appear to Qecfease slightly,
_iwhile artefial and venous{?og apﬁeer to fall. Insufficient studies heQe been
made on the Pco,p aﬁd Poé to determine typical'initial values, or to determine

_if the changes are significant.

H. Monkey CSF Studies.
" Weekly 1.5-ml cerebrospinal fluid samples have been removedifrom a

chronically catheterized pig-tailed monkey withoutedeleterious effects for
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a peri¢d of 6ve? 6 mdnthé. Analyées have beeﬁ made;of ﬁﬁé ceil count,
- glucose, chloride concentration and the cations'of_sodium, magnesium,
‘potassium and calcium. |

- it is,pianned to.implant catheters inAstrétégic locations within . the
arfebial and-&enbué circulation-to the.brain>in §rdef to aécertain the .
biochemical‘and physiological chaﬂées.océﬂffing when the monkey is subjected

to varying environmental conditions such as decreasing ambient air pressure.

1. Growth in the Pig-tailed Monkey.
.During April and May.anthropbidimetric aﬁq roentgenogréphic

‘me asurements were -made on 9 pig4tai1éd monkeys of known age.- While
longitudinal aaté are still limited, 2 méle pig—tailed monkeys haVe been
observed from bifth to 8 years of age; and extrapolated growth curves have
been made on other hale animals when sufficient‘sequeﬁtial data was avéilable.
A sﬁmﬁary-of these data in reiatioﬂ:fo change in body hass is sﬁown in
Téble 12. vAs previéusly indigatea in Status Report No. 19,}fi§e phases of
male,groyth can be defined by curve analysis as follows: 1) Infancy;
: iI) Ju?enile Depression; III)AJuvenile; Iv) Adélescént Spurt; and -
V) Late Growth. |

‘The appearance of ossification centers occuf'throgghout these growth
phases és noted in Table 13. Completion of epiphyseal fusion, however, takeé
place hostly in the late growth phase (V) as indicated by Table 14."Utilizing
a skeletal maturation chart which is accepted for human clinical uée, a
comparison of these two types of male primates iﬁ regard to the time of-bqne
formation as shown in Tables 15 and 16. The ratio of"agé of the human to
the monkey when the ossification centers initially appear is quite variable.

This variance is mainly due to the fact that many of the centers are present
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at birth in the monkey but appear lafer in fhe-huhan male. The time of
completion df epiphyseal fusion is frpﬁ 2 fo'u times eafligr inAthe
- pig-tailed monkey than in mah.

Simiiar growth data derived from femaie pig~tailed honkgys of knoﬁn’
age was treated in the ‘same manner as for the males éﬁd_this information is
shown in Tables 17-21. in contrast‘to nale growth curVe_there-is littlé
or nqievidenée of;anl"adoiescehf spurt" and growth in b§d§<h§ss appears to
proceed in a sigmoidal manner, as is the case in most épeqies éf the

mammalian kingdom.

J. The Use of a Proteolytic Enzyme in Mainténance of Chrqnically )

Irhplcmted Vascular Catheters. | | -

Over a span of 10 years, progress.has been made with procedures for
maintéining'the patency of chronicél;y implanted vascular Catheters. |
Improvements in experimental_surgical techniques, in the use and preparation
of materiais which are:more compatib;evwith biological fissue; and in the
post-surgical caré of'the énimals are a few of the'probleﬁ areas_which have
been discussed in previous status reports. ' Clotting has:occﬁrred in some
catheters despite'mény'precautiqns. - Therefore, the use ofvpréfeolytig
agents has been investig§ted. A preliminary report on Brinase,'a
fibrinolytié enzyme dg?ived from the mold, Aspergillus oryz&e,>was indicated
ih Status Report No. 18. The use of this agent has been utiiized in 2 vascular
catheterized monkeys during this report period. In operétion at the present-
time is a procedural schedule for pa;eﬂcy checks on the ¢athetérs at 3- to
5-day intervals_as foliows: | |

1) The monkey is femoved from his cage and placed in chair.
2) The nylop prbtéqtive‘jacket is partially rem@ved,énd fhe mid-section

of the chair swabbed with 70% isopropyl.alcchol.



29

3) Catheférs reﬁoved fréﬁ §rotéctiye'cbin'pufsé”and‘distdl valve ends
placed on clean géuze pad. | | N

i) Valve cap removed and placed in 2% Tinéture‘of Iodihe.l

~5) Open end of valve swabbed with 2% Tincture _<$f Iodine.

6) Open end of valve cleansed with sterile 0;9% §aiine_expreé§ed from
a2 ml disposabie syringe.

7) Syriﬁge placed on open valve end, valve stem_blaced in open positiép.
and withdrawgl of -blood afteméted. |

8) If catheter patent, it is flushed withIO.Q%-saiine,,the cathefer is
filled with hepafin saline sdlufion at a concenfratiéh'of 167 units/ml,
and the valve is capped. o |

9) If blood does not flow'readily from catheter affér withdrawal,
_ Va'slight injection is made followed quiéklj~by'withdrawal and'fhe procédurés
of step .8 performed. ” | o |

lb)' Finglly,*if.step 9 is not éufficient fo produce paféncy,lBrinase
_in”a‘concentratigp of 1,000 to 2,000 units/ml of 0:9%'saline is injected

into the cathefer, the valve is capped and left until the next check.

- The fesults of catheter patenéy checks on two pig—tailedvmbnkeys from
inifigl surger& ﬁp to and inciuding the last check of this report period
are shown 'in Tables 22 and 23. From.these data it would“appeér that Brinase
“has been a helpful_édjunct in ﬁaintaining the patency of chronically |
iﬁplanted vasgulér.catheters particularly after 300'days §ost'surgery.
No-gross physiological changes-éan be_atfributéd to the uée‘ofAthis
agenf as noted in the condition of the subject aﬁimals. Food and-wéter

. intake -and body mass were maintained.
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K. Physiological Studies bf;Seais.

A study to deterﬁine whé%her-the relati&ely large bibod voigme and
"red cell volume qffa marine mamﬁal preécclimétizgs‘it to tﬁenﬁ&poxié of |
‘ﬁigh_altitude was described in-Stétus Report Nb..éo. Unforfunate}Q;vthé'
preliminafy results were difficult to interpretZOWing.to a humber'of
uncertainties, in;luding the influence of growth and devélbpméﬁf on °
efythrdpoiesis in the harbor seal. ConSeguently, a finél’interprétation
of'the "seal; at high altitude" éxperimént_i?,being deferred ﬁntil
completion of a second study currently in progress. |

Plasma volume, £ed cell Qolume, tota;ibody'watér, and1@ertain hemato~
logical parametefs ate.being measured in eight young hérbof’seais}atjthe _
Physiological Research Laboratory, Uﬁiveréity of California at SanIDiego;'
'The.animals were all cabtured shortly after weaning, and measurements are
being made at 6-week intervals fo follow the'bédy coﬁpdsition changés..

- associated with growfh and deveiopment of the harbor seal. vAn inferésting
facef of‘the work is’ that ofvdetermining the physiologicai sigﬁifiﬁance‘éf
the deep diving expéfience'during the normal development of an infant harbor
‘seal{ Half of the seals are being_raised in a tyﬁicél‘deep wafer‘fank, aﬁd
the remainder in "dry" caging'pPOQided with aAwater'sprinkler systeﬁ, and

without the oppoptdnityvfor diving.

L. Ionm Binding Studies.

.Invesfigations_of.molecu;ar mechanisms in?ol&edAin caléification_
processes were .continued with cation binding studies 6n subceilularAfractioﬁs
:of develoéing bone tissue. Calvaria_(aQenage weight 0.14 g per cal?arium)
from 32 porcine fetuseé measuring ah'avenage of‘6.é cm érown to rﬁmp lengfh
and 20.5 g in weight, were homogenized in 0.25 M sucrose solution and

v éqbfractionated.by'differential cgntrifugation.
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 4Altﬁough'many'more'célvaria wére availablg‘ihbfhe present studies than
in previous experiments, the yield of i7,000xg mitééﬁondriél~aﬁd 100,000xg
microsomal (membpane)~fractions-ﬁas sﬁill insufficient to perform meéningful
cation binding experimehté; Howe&er, reasonable bind;ng expefimehts;ﬁere _
possible with the matrik>fracti§n sedimenting at 600 g. Aliéﬁqts of mafrix
materialvwashed's times:ﬁith 0.25 M sucrose-100 mM cifpic acid mgdium_ |
(pH-SQO) were equilibrated in solutions containing 100 mM sodium, lOO.mM o
potassium, 2 or 3 mM magnesium,\? 05_3 mM caicium and 0, 2 or 3ij inérganig_
orthophosphate. Es;entiall& novchange iﬁ sodium. or magnesium.associétea'i
~with the matrix was observed under these génditions but ma{rix pdtassiUmj 
Qecreased by approximately 70% and ﬁatrix calcium a?prqximatély doubled.
fhe presence. of inorganic orthophosPﬁate in.the medium-madelno significant
difference in the amount of calcium retained by the matrix‘under the
conditioné emp loyed.
. As in.preQious experiments_on dnglbpipg bone. tissue, the obéerqation’
of particular interest was the.highly seléctive retention of sodipm'by
repeatedly washgd matrix material. E#traéted matriﬁ fﬁéctiOn tréated
identically as the}othep equilibrated sémples but su;péﬁdéd in-0.25 M sucfose
.medium insfead.Of‘in eléctrolyte solution, retained 0.36 mmo 1 sodium,.O;OQ_mmol
potasSiﬁm, 0.67_mmoi magnesium and o;ou mmol calcium per gram of total matrix
nitrogen. Although.theAamounts of unextractable ions differed somewhat from’
tﬁose found in preyious experiments, nevertheless, sodium sfill remained in’
much higher amount than any ofher of the measured 9atién§.

| As one appr;ach to checkiﬁg the-relativeAaméunts of difficult fo
extract cations iﬁ.matrix material, a.totél of 14 intact (unhomoggnized)
calvaria were diggsfed by the Kjeldahl procedure and analyzga for ;ations.

Two calvaria from fetuses of 9 cm length were carefully rinsed and'digested
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without extraction; 10 calvaria from fetuses évébaging'g cm length, and
2 calvaria from fetuses of 13.5 cm length were extracted extensively in
several changes of cold citric‘acid solution prior to digestion;and analysis. -

The average compositions of the calvaria were as follows:

. - Y : ' Total
o Measured Cations (mmol/g nitrogen) Nitrogen
. Number of - R per '
Calvaria = Calvaria  Sodium Potassium Magnesium Calcium Zinc Calvarium
Unextracted 2 . 1.041  0.067 . 1.658  59.508 0.037 2,200
Extracted 10 - 0.031  0.002 .. 0.003 0.009 0.008 3.579

Extracted 2 .0.183 © 0.008 0.009°  0.03%  0.002  7.950

The reaaily measurable sodium retained by the extractedrcalvaria‘makés up
- greater than 50% of'the_éations not extracted. This is'espeCially Significaht
in view of. the very high émount of calcium preéentiin the ungxfractéd calvaria.

,'In'additién to the U4 cations routinely measured, zinc'was'alsq determined
in the calvaria becausé-of increasing-eVidence in the literature of fhe‘
importance of this metal ion not only in metéboiism generally, but specifiqaily
in ﬁoné. " A small but significant amount of zinc was found in_uhextracted
calvaria, and smaller amounts were found in extfactéd calvaria.

Analyses of extracted whole calvaria and extracted matrix material from
homogenized célvafia have béth consisfenfiy_demoﬁstrated»fhe preferential
retention of sodium. In addition, as mentioned iﬁ a previous report (Statﬁs'
Repprt>No. 20), evidence from our work.and from #hét of other investigators
suggests that silicon is also present in‘developingjbqﬁé and may be involved
- in béné formation. Taken ﬁogether, the available infofmation étrongly»sgggests

the possible presence and importance of a sodium silicate .component in developing
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'bcne which is difficnit to nemove by acid extracticn; 'In'the etudy of
molecular mechanisms involved'in bone>fcrmefion,,it ie'df considerable
interest and impoftance to investigatevthis phencmenonﬁin depth.

The extraction experiments with intact calvarie heve demonstnated that
even moderately caleified calvarla can be readlly decalc1f1ed by treatment
with mildly ac1d1c (pH 5) medla. In view of the requ1rement for much mone
starting materlal for the subfractlonatlon experiments than has been |
available to date, it appears_feasible to acid eXtrect'ca;varia prior to
homogenizationvand thus increase the availability cf usable calvaria. ‘This
approach may pefmit isolation cf encngh hign speed fracfion,to‘perfonn.more
eXtensive and meaningful membrane cation-binding experiments than has_been
"poseible to‘date. | |

Because of the primary 1mportance'of 1norgenlc orthcphosphate 1n
-blologlcal systems generally and 'in calcxflcatlon processes .in partlcular,
experiments were started to determ;ne in detail the effect of 1norganlc
orthophosphate on the binding of cations b& cellular nembrane.fragmentS,

Ae a_pfeliminafy sunvey,'an exPeriment was set up‘tofdefermine the
concentretion and pH dependences of the effect ofipthPhate ion on the.
simulfeneous binding of.scaiuﬁ, potassium,-magnesiuh and calcium‘by isoleted
rat livep cell.microsomes. . In the concentration dependence experiment,
freshly isolated_micrcsomal material was equilibnafed in media COnfaining
100 mM sodium, 200 mM potassium, 2 mM magnesium, 2 mM calcium and 0 to 20 mM
inorganic orthcphcsphate at a constant pH cf approximately-7.5; In the pH.
dependence study, mlcrosomal materlal was equlllbrated in medla.contalnlng
the glven concentratlons.of sodlum, potass1um Amagne51um and calc1um pius-

5 mM 1nqrgan1c orthqphosphate, and with pH‘varled from 3 to 9. Results to
date indicate a selective two to threefold increase in bonnd calcium et botn

Ihigh phosphate concentration and high pH. Although‘a corresponding increase
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ih bound'phqsphate was not obser§ed in thesé'experiﬁeﬁﬁsg fhe'éelectiQe‘
binding of-iarge éméunts of_caicium is of partiéulér_inferesf'in the study
of molecular mechahiéms of calcification. Howevér,ﬁfurthgf engrimgnts.afe
‘requiréd to elucidate the,mééhaniém by which fhis‘s¢ie¢tive‘Change iﬁ cation
binding occurs. |

Inyestigatiohs of fhe ré;é’ofjheavi ﬁefals in ion édsorptién aﬁd’ion
transport phenoﬁena:continued‘ﬁith stﬁdies_of'the binding of'mefcﬁrié ion
and its effect on_sédium, potassium, magﬁesium aﬁd calcium retention by
membpgne matepialg. Pre&ious experiments (Status Report ﬁos. ig and 20)
demonstrated that:ﬁith'incréasing cOncentrationsAofvmercugic ion in the -
'gquilibpating m¢dium, bound mercury increased sharp;y‘and approached a
saturation level Of»about 2.3 mmol/g N at l.S'mM'free'mercuric,ion |
concentration. :Cpncomitantiy, bound sodium and pofgssium wére eésentially
completely disp;aéed at 0.5 mM frge mercury conqeﬁtratiop;'whereas bound
magnesium and calcium decreased significaqflylatkloﬁ mngury_ggnceﬁtration.
But appeared to ;e9¢l off at higher mercury concentratipns. ;A preliminary
ekperiment‘designed to investiga#e the hy@rogen ion'aependence of mercury
:V'Binding (Status Réport No. 20)_indicafed a strongly pH dependent component' 
of bound mercury and a pH independent component of approximately 1 mmol/g N.

Additional pH dependence studies wifh.merqury‘haQe been carried out inl
' which mic:osomal membranes Qere equilibrated in media.cohtainiﬁg 100 mM
each of sodium and potassiuﬁ;.2 mM each of magnesiﬁm aﬁd éalcium and 3 mM
mercuric ion, all as the chlorides, with equilibrium pH variéd from 3.2 to
9.3. Under these condifions,:bound‘sodium,Apotassium, magnésium and calcium
weré essentially zero at a pH less than 5.0 and gradualiy increéséd'to levels
of aboﬁf 0.3 td_o.u mmol each:cation/g N at pH 9.3. ‘Bound mercury, on the

other hand, remained-significantly above zero even at pH 3.2, being 1.26 mmol/g
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N at thls pH decrea31ng sllghtly to 0.95 mmol/g N at pH 4.5 and 1ncreasang
‘slightly to l 1 mmol/g N at pH 6.0. Bound mercury thus “eached a plateau
at approximately 1.0 mmol/g N between pH 3.5 to 5.5, the blndlng belng
essentlally lndependent of pH in this range. 'Between pH 5.5 and 7.5,
however, bound mercury increased sharply from l.b mmol/g'ﬁ fo 2.3 mmol/g N
at pH 7.5, and tended to ievel off at aboat 2.5 mmol/g N.af pH 3.3. |
The results indicate tﬁat there is a pH independent component of bound -
mercury of appro#imatoly 1.0 mmol/g N in phe'pH range of 3;2 to 5.5, and
- a strongly pH depénoent component,with a oapacity of»approximafely |
1.5 mmol/g N. The.close corréspondence between fﬁe capacity of the pH
depenoent>componeat of bouno-mercury and‘tho total-capacity of abquf
1.5 mmol/g N for.the aikali and alkaline earth metals suggests'that ﬁefcuﬁy
in this component may be bound to the same 81tes ‘which bind sodium, potassium,
magnesium and calcium. The nature of the pH lndependent component of bound
mercury;-however, requires further investigatlon.: From the(available
information, it.appéars probablg that mercury in tﬁis iostahce may_be
associated with the membrane in a non-ionic form sucﬁ as organic mercury or
eieméntal mercary; the latteﬁ fofm being roported to haveoa high solubility

in lipid material.
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V.  EXPERIMENTAL SURGERY
A. Chronic Indwell'mg Vascular Catheters.

| : Three male adult plg—talled monkeys still malntaln patent vascular
catheters at the end of thls report perlod Number uOu, Tyrrel has had a
functlonal pulmonary artery catheter for 551 days, whlle #399, Catesby has
had aortic and pulmonary artery catheters patent for 433 days. Both of
these anlmals were utlllzed for phy81olog1cal studles on certaln blood -
parameters, the results of whlch have been reported elsewhere in thls and
hprevlous;status'reports. In addition, they have_been seml—restralned in
couches.and chairs for periods of tlme varying from lessithan one hour‘up
to 4 days duration, | | |

'Brinase, a fibrinolytic enZyme, has‘apparehtly.helped to maintain the

patency of theseAcatheters and its uSe-in this regard ls.reported.in a
separate'section‘of.this report. - | |

Number 398;‘Ratcliff and #406, Herbert prepared with thoracicvaorta
catheters during the lastvreport_period were shipped to the Bishop Area on.
12 February 1972 after the completion of base line<trials.atABerkeley, for
studies of intermediary metabolism at high altitude. Unfortunately #398,
Ratcliff at 2u6 days post surgery developed an acute left hemothorax and
- was sacrlflced. Post—mortem examlnatlon revealed the catheter had been
placed 1 millimeter farther into the lumen of the aorta than originally
planned; and the distal -tip had punctured the blood vessel wall.

Numher 406, Herbert~rgmains-in good condition atvthefBarcroft Laboratory
with a patent catheter (286 days post surgery). | |

No additional thoracic.vascular catheterizationsvhave been performed

during this report period.
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B. éisterna Magna Catheterizatién.
On 16 February 1972, with improved techniéues and the use of a - -

,steré§taxic héad.hoider described in.Status Report,#?b, é‘polyvinyl. |
' chloride'cqfheter was surgically iﬁplanted'into the'ciSferna‘magqa via
the foramen magnum of #296, Duncén. The catﬁefer was ﬁlaced in a 1:500
aqueous solution of»benzalkonium cﬁloride for one week priqr to the
scheduled surgéry.. A;théughfthe ﬁhysical condition.qf {hé cétheter was
less'fleXible fhénforiginaliy_antiéipated; thé inser@ibn_ﬁas accomplished
and paténcy has_béen maihtained for.;Gl daysvas of 31 Juiy 1972.
Approximately two mohths after surgery with some deterioration noted_in

(R)

the quaiity of the cerebrospinal fluid'samples, Gentamicin thérapy was
initiated. An intracatheter ipfusion‘of 0{8 ml of ééntamicinlsolption at

a qoncentratioh of.l mg-éér ml of 0.9 saline‘was made_ih éddition to a 50 mg
intramuscular injection of this same agent.‘:This regimeﬂ'Wés repeated for
6 days with the'subject showing complete recovery;. At this time.a‘ciosed_
system adapter (described.elseﬁhere in thé'feporf) waé'fitted‘to'the

distal end of'fhe éxteriorized catheter. Samples of clear CSF' 1.5 ml in
;ﬁlume have been withdrawn at wéekly interva;é with no delefefious effects

" as evidenced by the monkey's maintenance of body weight, plus good géneral'

appearance and behavior.

C. Pulpotomies.

In order to improve the technique. of canine'téeth removal and
maintéin stfuctural integrity of the mandible and maxilla of the adult male
" non-human primate a collaborative Ae_ffort‘ has beeﬁ initiated Qith the
Uhiversity of California School of Déntistry. Under generalvaneSthesia

three monkeys, #19, Mercutio, #307, Angelo and #3u4l, Philostrate, have had
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,fheir canine teeth amputatgd; the pulp cavity ekploréd, debrided; irriéated
and the root canal sealéd. Two types of sealers were'used._-Sargepti
formula (coﬁtaiﬁiné'sdme toxic compoﬁents in'the form‘éf pa?afqrmaldehyde,
phenyl mefcurié bprate and léad oxide) or a calcium hydroxide - é'amino
acridine pésfe. All monkejsiinvélved returngd fd é anmai food and water
intake following surgery. At_é proposed minimum time lapée of tbree or
four years these-éféas of theAjaw would be availéble forvﬁacro and

.microanatomical evaluation.

D. Multi-chcmr%;el Telemetry Implant.

" A 6-channel temperature telemetry—unif, whose’déveibpment ahd bench
teéting were deséribed in Status Report No. 20 aﬁd in_anotherAsection of this
current repoft waé éqheduled to be surgical;y implanfed‘in two stagés. - On
14 June é laparotomy was'performed on;#380, Cariisle'with thermistor iéads.
being pladgd inlthe.intestine, kid#ey;'psoas muscle énd.liver with two
remaining leadé éQiled subcutaneously for second.stgge:surgiéai;placement
" near thevbrain and'asqending aorta. Duriﬁg this sufgery tﬁefe was some
indication that a portion of the protective cbver-of‘tﬁé leads was disruptgd.
, Tﬁe subjeét made good progress through a recovery period. However, no
electronic signal was detected from the implanted transmifter when thel
monkey was plaéed within an appropriately antennaed cage. Two. weeks
-foilowing tﬁe‘initial surgery the electronic package was removed.from
#380, Carlisle. Oh removal of the kidney'léad the tip was seen to be
sepérated from the balance of thé shielding.v Due toAthe'possibiiity:of
' fatal hemorrhaging with removal éf the leads frpm the kidﬁey and liver,

the monkey was sacrificed.
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E. SingZefC%anneZ:Body-I?mperature Telemetry Transmitters,

Duriﬁg this report period températufe tranémitters,weré sdfgically
implaﬁfed retroperitoneally in the lumbd—abéominal»fegion in fh%ee'monkéyé.
The animals aﬁd dates of their s@fgeny are as folléwsi ‘#Seﬁ, Lysimachus,
9.May 1972; #l?S,.Salisbury; 30 May 1972; and #366; Thgliard, 31 Méy 1972.

One frénsmiffer was‘removed‘from,#377, Simple on 23 March 1972. As
of 31 July 1972, a total of 6 monkeys are being maintained with this typé

of telemetry device.

F. Pinealectomy.

Previous attempts to ablate the epiphySis'cerébri (pineal gland)
by irradiation with a.focﬁsed‘pfoton ion beam from fhé cyclotron had not
.produced the desired resuits.. Thus, on 13 March 1972 direct surgicai
removal was cafriéd oﬁt on adult malé pig;tailed_monkgy; #364, Lysimachus.
The proced#re was accomplished with fhe'qid”9f an,opera£ing micfoscope,'
_and histoldgical,éxaminéfibn of the surgically removed tissue revgaled that
" it was indeed tﬁét of the pineal gland. .Post-surgical therapy consisted of
the administration of 2 mg Dexémethosone péf day. The subject Qas ataxic
for 2 to 3 days, after which time recovery progressed rapidly. This monkey

was subsequently implanted with a temperature transmitter on 9 May 1972.
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VI. ANIMAL- coLoN‘Y
" A. Lung Mite Screening,

Althsugh it is difficult to attribute the:demise of non;human
primates directly to .infestation by lung mifes,Atheir presence ét autopsy
in'the_lungs of Asian typé monkeys haé been recognizedf A reliablé'
diagnostic technique thaé will detect carriérs of this,pafasitevisf'
'unavailable at the present time. Iﬁ cqbperatioﬁ_with Prof. Deane Fﬁrman,
Chairman of the Parasitologj Departmenf;-lhﬁgAmite scfeéniﬂg ffials‘héve
been initiated. Pig‘tailed monkeys of both.sexes‘ahd vafying‘aggs were
- investigated. In-general,.this techniqué involved thé inductioh‘éf |

(R)

anesthesia with intramﬁséularly injected Kétamine at:appropfiate dosagé
levels. A bronchial sﬁabbing was made contaéting a$ many secondary bronchi
as possible in 2 to 3 minutes timef' The swab. was reﬁoyed, éxamined, and

a urethral catheter intrqduéedAinto thé éaﬁe area where-thé swabbing

' has_preViousiy taken plaée. .Five milliiiteré of physiolégical salinefkas
injected into the catheter followed by aspibation of the saline'into‘a
collécting flask with_the monkey}héld by the légs Qith,the.head.down. The
injecfion.and aspiration were repeated, Lung mites were recovered in the
aspirate from sevefal of the monkeys. These particular monke§s ére presently
in quarters separafed from the maiﬁ célony.»-It is plannéd to'repeat‘the-
tests on tﬁese monkeys and perform the same procedure on threelmonkeys from
the ﬁain colony. If the repeated tests cdnfirm‘the original diagnosis in
_regard to the number of mite larvae récovered, a chemotherapy tfial will

A be.conducfed. | -

B. Monkey Census.

As shown ih-Table 24, .at the béginhing of this report period, the
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monkey éolony_was composed of 56 pig#tailed-ﬁoﬁkeys and'é total of 53 én'
31 July 1972} One“bipfh, a male_#ule, Robin, occurfed on.iS_Maréﬁ i972.
This offs'pr.ing. was sired by #51, Voltimand Qho was‘ cénceived' _aﬁd b.or".n in
the colony, wﬁileléhe mother.was an impoffed breeding female-of unknbwn '
parentage. Four mdnkeys were euthapized‘in'lieu of antiéipaﬁéd prolonged
‘clinical or surgical protocols which would be necessary tp_rgstore them
to a plane of physiélogical normalcy." H

Tuberculin testingvuéing 0ld tuberculin from fhé ARS:éource was -
conducted on the entire colony during the months of Februarir and March.
The volume of intrapalpebrally administered inoculum was 0.1 ﬁl containing
150 mg OT. This level‘is considerably above the'currently fecomménded
ﬁinimum level for tubgrculosis detection. On tﬁe basis.of test rgadings
at 24, 48 and 72-hour$ post iﬁoéulatiqn, all monkeyé were shown tobbe
tuberculosis free..

With the exception of some of the animals in the growth and biorhythm
study, all of the non—huﬁan primates at the Berkeley facility are'p?esently'_
‘housed in the reééntly completed animél quarters wifhin-thevﬁhvirohmental |

Physiology Laboratory.
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‘Table 1

Standard'Chemical Mixture (SCM):

(Five ml of ‘this true solution contains the amount of the nine dlfferent
elements found in one gram of Purlna monkey pellet)

(citric acid

y

Element in
Compound Compound }Standard
(Analytical|Molecular|Required/liter Element/liter|Chemical
Grade) Weight Weight = |Compound/liter|for Compound |Mixture
(g) (mmole) (mmole) (mM)
CaCQ3 100.09 4,900y 49.0 -~ 49.0 Ca 49.0 Ca
KHoPQy 136.09 -3.8377 28.2 28.2 K 28.2 K
‘ : ' 28.2 P i
: }' 35.4 P
NaoHPO, 141.97 1.0222 7.2 7.2 P
: - 1l4.4 Na i
J | 20.8 Na
NaCl 58.45 0.3741 6.4 6.4 NaJ ’
6.4 C11! -
: : B 15.4 C1
RbCl 120.94 1.0885 9.0 9.0 C1
’ 9.0 Rb - 9.0 Rb
 MgSOy 120,39 1.1076 9.2 9.2 Mg 3.2 Mg
' : 9.2's8 7 4
Co - : , : : 9.8 S
FéS0y+ 7H20 278.03 0.1668 0.6 0.6 S
' ' 0.6 Fe 0.6 Fe
NHoCONH» 60.06 14.5946 243.0 486.0 N 486.0 N
(urea) - '
Total 27.0959
H3CgH507°Ho0 210, 14 27.3182 130.0 (Added to dissolve all

compounds .- pH about 3)

Notei

Urea and FeSOy* 7H70 weré dried in a vacuum desiccator; all other

compounds were dried overnight in an oven at 80°C and cooled before weighing
on an analytical balance and subsequently dissolved to make a total of
1000 ml in a one liter volumetric flask.
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Table 2

Analysis of Bovine Liverl and SCM2

(micfpgrams’per gram) .

EPL"

EPL3 . SCM
- "% Recovery>

. Alkaline ' Alkaline Alkaline
Element NBS Ashing |Kjeldahl| Ashing |Kjeldahl| Ashing Kjeldahl
Calcium (123) 52.7 50.4 98
Magnesium | (605) | 595 561 618 ;580,‘ 97 97
Sodium | 2130 1_13_6i 2570 2300. | 2270 % . -'106.
Potassium | 9700 + 600 8960 11052 99
Iron 1270 # 20 245 | 258 | 1102
Nitpogeﬁ 106000 + 6000 - 1.102750 99225 - 9y
‘Chlorine | (2600) 2644 2687 96
Phosphorus [Not available| 11544 11259 | 11402 | 11749 97 9y
Suifur Not avéi;able_' ? | ? 1026

1 National Bureau of Standards.
Freeze dried before analysis.
but for information only.

Standard Reference Material 1577, Bovine Liver.
Values within parenthesés are not certified

2 Standard Chemical Mixture (see Table 1).

3 Analyticai results obtained accdrding to routine pfocédures used in this
laboratory. '

Analytical results on a repeated separate analysis.

> Analyzed simultaneously with (4). (Except for calcium and sulfur, the
per cent recovery also reflects the recovery from a combined mixture of
SCM and liver.)

-.6AUsing empirical pfocedure. More work is needed to establish reliability.
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-ATa-ble 3

0, Consumption and COp Production of an Ethyl Alcohol Lamp.

0o Consumption (1iters/hour)
18 Jul 19 Jul 19 Jul 20 Jul 20 Jul 21 Jul 21 Jul Mean
~ Predicted 9.72  9.18  9.90  9.00  9.00  8.04 7.8  8.96

Measured 9.06 9.00 9.60 9.30 9.48 8.34 8.28 9.01

€05 Production _(liters/héur)
18 Jul 19 Jul 19 Jul 20 Jul 20 Jul 21-Jul 21 Jul Meah
Predicted 6.48 6.12  6.60 - 6.00  6.00° 5.3%  5.22  5.97

Measured ~ 6.24  6.12  6.60  6.12  6.18 5.46  5.40 . 6.02

Respiratory Qubtient (CO Production/Op Consumption)
| 18 Jul 19 Jul 19 Jul 20 Jul 20 Jul 21 Jul 21 Jul Mean
Predicted 0.67  0.67  0.867  0.67  0.67  0.67  0.67 - 0.67

Measured  0.69 ~ 0.68  0.69  0.66  0.65 0.65 0.65  0.67
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Table u

Mean values in grams N/day urine nitrogen, feces nitrogen and
integumental nitrogen losses for 6 adult pig-tailed monkeys
at different levels of dietary nitrogen intake. '
Values in parentheses are extrapolated or interpolated.

Diet Urine Feces Integumental

Intake Loss Loss Loss : . :
Ng) Ny) ) | (N3) (N tNgtN;) Ng=(N +Ng+N;)
(0)  (0.37) (0.23)  (0.20) (0.80)  (-0.80)

0.15  0.42  0.22 0.20 0.8u -0.69

©0.30 - 0.u8 0.2l 0.20 - 0.8 -0.59
0.60  0.59 0.19 1 0.20 0.98 -0.38
0.80  0.68 0.1 ©0.20 102 -0.22
0.90 - 0.66 0.16  0.20 102 . -0.12
1.00 - 0.64 0.23 0.20 1.07 -~ -0.07

'1.10 0.72  0.21 0.20. 113 -0.03

(1.1%) (0.73) (0.21)  (0.20) (.18 (0
120 0.75 0.21 0.20 1.16 0.08
1.50  0.79  0.32 0.20 1.31 0.19
1.80  0.81 0.32 0.20 13 o7
2.10  0.81 0.36 ~0.20 1.37 _0;73
2;uq 1.01  0.17 0.20 138 1.02.
2.55  l.ub 0.22 0.20 1.8 0.69

2.70  1.28 0.32 0.20 1.80 - 0.90°
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Table 5

Daily nitrogen loss in grams N/day, exclusivé of urine,
feces and gases, in 6 pig-tailed monkeys on Diet 4.

Monkey Number

Day e 175 296 321 390 395
1 0.17 0.15 © 0.2 . 0.36 0.17 . 0.22
2 0.10 0.14 0.1 0.05 0.12  0.15
3 0.20 0.0 - 0.10  0.21  0.39  0.39
4 0.13 - 0.11 0.14  0.22 0.15 0.11
5 0.10  0.10 0.10  0.10  0.11  0.08
6 0.14 0.13 0.09 0.20.  0.19 0.19
7 0.15  0.18 0.13 0.21  0.17  0.12
8 0.24 - 0.22 0.15 0.27  0.11 ~ 0.12
9 0.16  0.19 . -0.23  0.08  0.09  0.16
10 0.09 0.08 0.10  0.12 0.09  .0.10
11 0.13  °0.13  0.12 0.20 0.1% 0.7
12 0.15 0.22 0.17 0.22 0.20 - 0.14
13 .0.18  0.19 0.13 0.09 0.21 - 0.11
14 0.11 0.1l 0.08 0.22  0.15 0.07
Mean 0.146  0.150  0.137  0.182  0.16%  0.152

4+ S.D.  0.042  0.048  0.048  0.085  0.076  0.080

-Mean + §.D. of all values = 0.155 + 0.065 g N/day.
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Table 6

Recpmmended.daily protein allowance for the.adulf male
pig-tailed monkey.(Macaca nemestrina).

Egg

T

Whole Protein Mixture!
protein | nitrogen protein | nitrogen
per adult animal?
Recommended daily’ v
" allowance, g 14.0 2.2 20.0 3.2
per kg of .body weight
Recommended daily : , . :
allowance, g l.u 0.2 2.0 0.3
. as percentage of
total calories in diet
g.per 100 kcal 2.0 0.3 3.0 0.5

Protein of 70% utilization value. 70% is used by,the u.S.

National Research Council in recommending protein intake for
man, when the protein source is a mixture of less than

optimal value.

For an average adult animal weighing approximately 10 kg.
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- Table 7

Daily Food and Water Consumptidn-During an

18-Day Metabolic Balance Trial -

~ Cage . Pod ':'Cage
Days 1-6 - Days 7-12 . Days: 13-18
: Food Water Food = Water Food Water
Trial Monkey per per per per per per
No. - No.. day day day day . day day
(g) (ml) (g) (ml) (g) (ml)
1 307 200 900 176 775 191 900
2 314 151 900 131 900 118 © 900
3 411 120 610 68 - 388 115 628
n 405 M4 720 130 463 . 131 649
5 314 150 . 892 128 862 156 892
Mean 153 80u 126 678 140 793',
SD £29 4133 | + 38 +236 + 31 +1u42
SE of Mean' +13 +60 | +17 +106 |+ 14  + 63
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Table 8

0y Consumption and COy Production of a Male Pig-tailed
‘ Monkey #314, Pompey '

24 Jul 25 Jul 26 Jul 27 Jul  Mean

0o Consumption 3.66 3.57 3.56 3.67 3.62 -
(liters/hour) ' . R
CO2 Production 3.17 - 3.02 3.22  3.27 3.17
(liters/hour) - : ' o -
Respiratory Quotient . 0.87 ~ 0.85 0.90 0.89 - 0.88
Fo, Room Air 0.2078 0.2078 -0.2078 0.2078  0.2078
, Pod Air 0.2004 0.2004 0.2006 0.2004  0.2005
AFo, - 0.0074 0.007% 0.0072 0.0074  0.0073
Fco, Room Air 0.0003 0.0003 0.0003 0.0003.  0.0003
Pod Air 0.0067 =~ 0.0066 = 0.0068 . 0.0069  0.0068
AFco, 0.0064 0.0063 0.0065 0.0066  0.0065
FH,0 Room Air 0.0131 0.0132 0.0128 0.0130  0.0130
: Pod Air -  0.0213 0.0200 0.0200 0.0189  0.0200
8Fy00 : 0.0082 0.0068 0.0072 0.0059  0.0070
T (°C) Room Air 22.5 22.4 22.4 22.0 22.3.
Pod Air 26.5 26.5 - 26.5 26.5 26.5
AT - 4.0 4.1 4.1 4.5 .2
Pod Air Flow Rate 8.25 8.00 8.25 8.25 8.18

(Liters/min). -
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Table 9

Flnal Rectal Temperatures for Four Monkeys for Air Temperatures
from 5¢ to uo°c at 50% Relatlve Humidity.

Air Temperature (°C)

Subject] 5 10 15 20 25 . 30 . 35 40

#378 33.0. 35.6 [i7.4 - 38.2 - - 39.0 ] u1.5

#uos | [37.5_ 37.6 _ 38.0 38.0 38.0 38.5  39.1] u0.0

#377. 29.5 32.1 -34.6 35.2 [ 37.5 38.0 38.8| u2.0%
#uos 3.1 37.0 [ 87.5 37.4 37.8] 39.6 u4l.5% u42.0%

Data enclosed in boxes indicate air temperatures at which each

subject was in thermal equilibrium defined as no more than 0.1°C

change in rectal temperature during final 80 minutes .of 260 minute
' exposure.

These tests terminated before 260 minutes due to high rectal
temperature. Temperature indicated is final temperature just
prior to termination of test.
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Table 10

Change' in Heart Rate (beats/min) Expfessed as Final Rate at
Alr Temperature Indicated Minus Final Rate

During Control (23°C).

Air Temperature (°C)

‘Subject 5 10 15 20 25 30 35 40
#378 | 15 w5 R —— -3 - +33‘J +51
wmos | [727 36 ) =3 3 T3 51] +39
#377 -72 -3 -12  -33 [¥6__ +12 T6 ] +69%
#u08 +2u 436 L+36’ -3 -3 ] +81 +83%  +78%

Data enclosed in boxes indicate air temperatures at whlch each.

subject was in thermal equilibrium.

* These tests terminated before 260 minutes due to high rectal

temperature.
to termination of test.

The heart rate lndlcated is final rate just prior
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- . Table. 11

Number of Days for Restabilization of Qﬁartile Crossing Points
Following a 180° L-L shift.

_ #364 : - #3us B #1412
1 (pinealectomized) |  (control). . (control)

14024 1 2¢ |1t 24 1y 2¢ 1t 24 1 24

Shift #1:] 7 1 9 9 12 8. 5|11 ‘& 6 8

shift #2: | 8 s 1 7 | s 1 7 7|6 7 4 7
Shift #3: | 1 1 9 8 |4 1 6 ‘6 | 1 1 .4

1t : time of one quartile rise.
24 ¢ " " two quartiles rise (mean).
1+ : " " one quartile fall.

24 ¢+ " " tyo quartiies fall (mean).
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Table 12

Changes in Body Mass Associated with Age-
in the Male Pig-tailed Monkey.

BodyIMéss in kg

Age in Years (n) Mean S.D.
Birth 10 0.67° 0.08
0.5 8 1.18  0.10
1.0 8 1.83 0.22
1.5 6. 2.55 0.08.
2.0 6 2.90 © 0.13-
2.5 6 3,17 0.13 -
3.0 5 3.42  0.14
3.5 i 3.67  0.16
4.0 4 4,18  0.30
4.5 y 5.09  0.62
5.0 2 6.25  0.64
5.5 2 7.05  0.50
6.0 Y 7.89 . 0.36
6.5 2 8.16  0.30
7.0 2 8.52  0.28
7.5 2 8.83  0.25
8.0: 2 8.99 0.28
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Table 13

Male Pig-tailed Monkeys
Order of Appearance of Ossification Centers

S o : Mean Age at Growth
Time Period : Ossification Center ~ Appearance  Curve
' L (mos.) Phase

-Present at Birth % Humerus, proximal

Humerus, distal

Radius, distal

Ulna, distal

Carpals

Métacarpals .

Phalanges, prox:.mal row (hand)
Femur, proximal :
Femur, distal

* Tibia, proximal

Tibia,. distal

Fibula, distal

‘Tarsals '

Metatarsals

: Phalanges,’proximal row (foot)

pes
-

e,
v

as,
“*

1 to 12 months Humerus, medial eplcondyle O.u I
: Radius, proximal . T 2.2 I
Ulna, proximal o 5.2 I
Femur, lesser trochanter _ 10.4 . I
12 to 24 months Patellar ' © 13.8 11
: Fibula, proximal : 22.3 III
Calcaneal 23.8 II1
24 to 36 months Sesamoids, lst digit, proximal _ o :
S (foot) _ o284 III
Sesamoids, lst digital (hand) . 35.4 I1I
Sesamoids, lst digit distal (foot) . 35.7 111
36 to 48 months - Sesamoids, radial carpal - . © . u5.5 - IV
48 to 60 months Fabellar 48.5 Iv
Tibia, tuberosity : 52.0 Iv
Sesamoids, lateral, tarsal 52.3 IV
Sesamoids, 2-4th digital (foot) ' 58.5 v
60 months + ‘ Sesamoids,lmedial, tarsal ' 65.0 _ VA
' Sesamoids, 5th digit (foot) © 65.5 v

% Present at birth in human male.
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Téble.lﬁ

Male Pig-tailed Monkeys.

Order of Completion of Epiphyseal Fusion

Growth - -
- Mean Age Curve
Time Period Epiphysis . in Mos. ' Phase
36 to 48 months Os Coxae, écetabular 40.5 End of III
Humerus, distal 46.3 Iv
48 to 60 months . Femur, proximal , 57.0 v
Humerus, medial epicondyle 60.0 v
60 to 72 months . Femur, lesser trochanter 70.0 v
72 to 84 months ‘Ulna, proximal . 77,0 v
Phalanges, proximal row (foot) 77.0 v
Calcaneal ' 78.0 \
Radius, proximal 78.5 \'%
84 to 96 months Metatarsal 84.5 '
' Metacarpal 87.5 v
Phalanges, proximal row (hand) 87.5 v
Femur, ‘distal 87.5 \'2
Fibula, proximal 87.5 \
96 to 108 months Tibia, proximal 91.5 v
Tibia, distal 91,5 v
Fibula, distal 91.5 V'
Humerus, proximal >g7 A\
Radius, distal >97 v
Ulna, distal >97 v
>97 \'

Tibia, tuberosity
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Table 15.

Post Natal Appearance of 0831flcatlon Centers in the Male Plg—talled Monkey wlth
. _ Comparatlve Data for the Male Human

Age (Months)“ : Whole -
: A ' Human Number
Ossification Center Male Pig-tailed Monkey Male®* Ratio
(epiphysis) ' | Coef. T - JHuman Mos.
n{ Mean| SD [SE° {Range|of Var.{Mean| Range |Monkey Mos.
Humerus , proximal 12f B*#* _ B-3 . 1-3
Humerus, medial epicondyle 11} o.4f 0.7| 0.2] B-2 |153.2 84 | 60-8u LY-60
Humerus, distal 12[ B . 4 511.5-8 | 1.5-8
Radius, proximal |11} 2.2 0.9] 0.3]-1-4 | u4p.0 | 60 36-72 | 18-3b
Radius, distal : 121 B ' : . S 12 3-18 - 3-18
Ulna, proximal . 10] s5.2| 2.2] 0.7] 2-9 } u43.0 |120 . 23
Ulna, distal 12| B 72 | us8-108]. u8-108
Carpals : A 121 B 6}l 0-18 | 1-18
Metacarpals ' . 12| B 151 10-24 10-24
Phalanges, proximal row 121 B ; 5-30 5-30
Sesamoids, radial carpal . | 4} u45.5] 3.7] 1.8ju42-50{ 8.1
Sesamoids; 1lst digital "] 5)35.u4f 8.0} 3.6 28—46 22.7 - ‘
Femur, proximal 12 B 4 2-8 2-8
Femur, lesser trochanter 8110.4f 2.2] 0.8} 8-14f 21.2 [1lu44 }120-156] "11-15
Femur, distal 121 B . ' 1 B ‘ 1
Patellar : . { 8{13.8{ 1.5| 0.5]12-16} 10.8 48-60 4
‘Fabellar . 4 u48.5f 3.1 1.5{45-52 6.4 : _
. Tibia, proximal ' 12] B N B 1
" Tibia, tuberosity 3152.0{ 7.0l u.0}ju5-59| 13.u4 '84-180 2-3
Tibia, distal _ ‘12| B .} 6 3-18 -3-18
Fibula, proximal ) 4 6122.3] 2.9} 1.2}18-26] 12.9 48 |. 24-66 2-3
Fibula, distal ‘ 12| B ' ' ' 12| 6-24 6-2U
Tarsals _ 112] B S ‘ B{. 1
Calcaneal | 6]23.8f u4.9] 2.0]18-31] 20.6 ' 60-144 3-5
Metatarsals ' 112| B 24 6-ug 6-48
Phalanges, proximal row 12 B | ' : 6-30 6-30
Sesamoids, lateral-tarsal 3{52.3| 8.3] u4.8{u43-59| 15.9 . -
Sesamoids, medial-tarsal 2]165.0f 4.2{ 3.0/62-68] 6.5
Sesamoids, lst digit proximal| 5{28.u4{ 7.0| 3.1|23-u0| 2u.7
Sesamoids, lst digit distal. 4135.7}11.7| 5.9({24-u49} 32.5
Sesamoids, 2-u4th digital 2158.5}17.7{12.51u46-71) 30.2
Sesamoids, 5th digital 2| 65.5]14.8/10.5{55-76] 22.8 |

* B = probably present at birth.

%% Skeletal Maturation Chart of Ri Hugo MacKay from Eastman Kodak Company Medlcal
Division, Rochester 4, N. Y.
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Table

16

Times of Complete Eplphyseal Fusion in the Male Plg-talled Monkey

with Comparatlve Data for the Male Human

Age (months . Whole
S o - Male- Number
Epiphysis _ Male Pig-tailed Monkey Human® Ratio
A : Aﬁ ' Coef. | = Human Mos.
n{Mean{ SD SE [Range ofivar; Mean| Range |Monkey Mos.
Humerus, proximél 2|97 _ 228-252) 2
Humerus, medial epicondyle| 2{60.0| 7.1| 5.0{55-65| 11.8 {216 3
Humerus, distal 3|u6.3| 5.5| 3.2{u0-50| 11.9 | 204 o
Radius, proximal | 2]78.5) 6.4} u.s{7u-83| 8.1 | 180-204]  2-3
' Radius, distal 2597 | | 228 2 -
Ulna, proximal 2|77.0| 8.5| 6.0{71-83| 11.0 |180-204]  2-3
Ulna, distal 2{>97 228 2
Metacarpal 2|87.5| 6.4| u.5|83-92| 7.3 168-252[  2-3
Phalanges, proximal row 2|87.5| 6.4f v.5/83-92| 7.3 168-252)  2-3
Os coxae, acetabular uluo.5| 2.4| 1.2{39-uu| 5.9 Puberty
Femur, proximal. 2{57.0[11.3] 8.0{u9-65{ 20.0 204-216] 4
Femur; lesser trochanteric| 2{70.0|14.1{10.0{60-80| 20.2 192-204 3
Femur, distal 2|87.5| 6.4| 4.5/83-92| 7.3 216-228]  2-3
Tibia, proximal 2|91.5] 0.7| 0.5]91-92f 0.8 216-228 2
Tibia, tuberosity 21597 A 228 2
Tibia, distal 2{91.5§ 0.7] 0.5}91-92] 0.8 :216 A 2
Fibula, proximal 2|87.5{ 6.4f u.5{83-92] . 7.3 | [216-2u0] . 2-3
Fibula, distal 2|91.5] 0.7} 0.5{91-92{ 0.8 |21 | 2
Calcaneal 2{78.0{ 1.4 1.0{77-79] 1.8 144-264 2-3
Metatarsal 2{su.5| 2.1 1.5|83-86] 2.5 |168-252]  2-3
Phalanges, proximal row | 2|77.0| 8.5| 6.0{71-83] 11.0 |216 |132-264  2-3

* Skeletal Maturatlon Chart of R. Hugo MacKay from Eastman Kodak Co. Medlcal
Division, Rochester 4, N. Y. .
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Table 17

' Changes in Body Mass Associated with Age in
Female Pig-tailed Monkey

Body Mass in kg

Age ip Years (n) - Mean S.D.
Birth 10 . o.61 0.0
0.5 & Ll 0.10
1.0 ' , g | 1.86 '1‘0.16
1.5 o 7 2.3 0.2
'2.0'4 - 7 2,77 0.23
2.5 7 .24 0.26
3.0 | 7 © 3.66  0.26
3.5 6 4.01  0.29
4.0 6 4.32 0.26
4.5 4 4.66 0.28
5.0 --_ - | 4.9u 0.30
5.5 | . 3  5.22 0.42
6.0 o 3 5.49 0.4
6.5 - 2 | 5.85 - 0.63

7.0 2 ~© 6.00  0.63
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Table 18

Feméle Pig-tailed Monkeys

Cehteré

Mean Age at Difference

_ ) : _ Appearance from Males
Time Period Ossification Center (mos. ) in Months:
Present at Birth *Humerus, proximal
Humerus, distal
Radius, distal-
Ulna, distal
Carpals. -
Metacarpals
Phalanges, proximal row (hand)
Femur, proximal
*Femur, distal
*Tibia, proximal
Tibia, distal
Fibula, distal
*Tarsals '
Metatarsals ‘
‘Phalanges, proximal row (foot)
1 to 12 months Humerus, medial epicondyle <2 ?
’ ' .Radius, proximal <2 1
Ulna, proximal <2 . 3
Femur, lesser trochanter 8.3 2.1
Patellar 9.3 4.5
12 to 24 months Fibula, proximal 13.1 9.2
' Calcaneal S 1h.7 9,1
Sesamoids, 1lst digit proximal (foot) 18.6 9.8
Sesamoids, 1lst digit (hand) 20.2 15.2
Sesamoids, radial carpal 22.3 13.3
Fabellar 23.3 25.2
24 to 36 months Sesamoids, lst digit, distal (foot) 24.7 11.0
Tibia, tuberosity 25.9 26.1
Sesamoids, lateral tarsal 28.7 23.6
Sesamoids, 2-4th digital 31.0 27.5
36 to 48 months Sesamoids, 5th digital - 41.2 18.8
Sesamoids, medial, tarsal 46,7 18.3

* Present at birth in human female.
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Table 19

Female Pig—tailed'Ménkeys

Order of Completion of Epiphyseal Fusion

Difference
: Mean Age  from Males

Time -Period Epiphysis in Mos. in Months
24 to 36 months  Os coxae, acetabular -27.0 13.5
' Humerus, distal 31.7 14.6
36 to 48 months Femur, proximal 37.0 20.0
‘ Humerus, medial epicondyle 38.6 21. 4
Femur, lesser trochanter 1.7 28.3
Tibia, tuberosity 47.0 50.0

Radius, proximal 47.7 30.8-

48 to 60 months Ulna, proximal 48.3 28,7
B Phalanges proximal row (hand) 51.7 35.8
Calcaneal - : B 51.7 26.3
Metatarsal ' 55.7 - 28.8
Phalanges, proximal row (foot) 55.7 21.3
" Femur, distal 56.0 31.5
Metacarpal 56.0 31.5
Tibia, distal 56.0 35.5
Tibia, proximal 58.5 ' 33.0
Humerus, proximal 53.0 38.0
60 to 72 months  Fibula, proximal 66.0 21.5
72 to 84 months Radius, distal 75.0 22.0
- Ulna, distal 75.0 22.0
Fibula, distal. >75.0 22.0
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Post natal Appearance of OSSlflCatlon Centers in the Female P1g-ta11ed Monkey
with Comparative Data for the Female Human

Age (Months )

Whole

) . Female Number
Ossification Center _Female Plgftalled Monkey -‘Human?®* Ratio
(epiphysis) A Coef. Human Mos.
: Mean SE | Range| of ‘Var.|Mean| Range ]|Monkey Mos.

Humerus, proximal 9| B* B-3 1-3
"Humerus, medial eplcondyle 8l <2 60 |  36-72 -
Humerus, distal 9 B 4 1-6 1-6
Radius, proximal 8] <2 48 | 36-72 ° ’
Radius, distal al B 12 } - 3-18. 3-18
Ulna, proximal -8} <2 96 ‘ . '
Ulna, distal 9 B_ 60 48-108 48-108
Carpals. 91 B -6 B-18 1-18
Metacarpals 9 B 15 | 10-24 10-24
Phalanges, proximal row 9 B _ 5-30 5-30
Sesamoids, radial carpal 6]22.3 0.5(21-2u4| 5.4
Sesamoids, lst digital - 6] 20.2 1.2§15-23}14.2 _
Femur, proximal 9 B 4711.5-6 1.5-6
Femur, lesser trochanter 7{ 8.3 0.77 5-11{23.6 132 }108-144 13-20
Femur, distal ' 9] B B 1
Patellar 7| 9.3 0.8 8-13{23.0 36 - 3-4
Fabellar 7{23.3 1.1}21-29{12.9 -
Tibia, proximal 91 B : _ . B} - 1
Tibia, tuberosity 7125.9 1.2]21-29)12.7 ' 84-180 3-6
Tibia, distal 9| B 6 3-18 3-18
Fibula, proximal 7113.1 0.3}12-14) 5.7 | 36 | 2u-66 2-5
Fibula, distal 9! B 9 6-2u 6-24
Tarsals 19{ B » . "B :
Calcaneal 7114.7 13-18{14.0 " -] 60-1luy L4-8
Metatarsals . g1 -B 24 6-48 6~-48
Phalanges, proximal row g} B A _ : : 6-30 6-30
Sesamoids, lateral-tarsal 7128.7 1.8]25-39]16.8 :
Sesamoids, medial-tarsal uiue.7 3.2142-56]13.7
Sesamoids, lst digit proximal | 7/18.6 0.8115-21]11.9
Sesamoids, lst digit distal 742u4.7]. 2.3116-34]24.6°
Sesamoids, 2-4th digital 4131.0] 1 5.3120-44]34.3
Sesamoids, 5th digital J4iul.2 2.9133-46]14.3

* B = probably present at birth.

#¥* Skeletal Maturation Chart of R. Hugo MacKay
Medical Division, Rochester 4, N.Y.

from Eastman Kodak Company
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Table 21

Times of Complete Epiphyseal Fusion in the Female Pig-tailed Mdnkey
with Comparative Data for the Female Human

Age (Months)

Whole

_ o Female Number
. Epiphysis - - Female Pig-tailed Monkey Human®* ‘Ratio
: | Coef. 1THuman Mos.
niMean| SD |SE | Rangejof Var.| Mean| Range |Monkey Mos.

Humerus, proximal 2|59.0 u.2|3.0[56-62 7.2 | 216-2u0| 4
Humerus, medial epicondyle | 6{38.6] 2.8 1.2|36-u2| 7.2 [ 180 | 5
Humerus, distal 6|31.7|10.5| 4.3{ 25-52| 33.2 | 168 | s
Radius, proximal u|47.7| 9.5{ 4.7 36-58] 13.8 |  |168-180| = 3-5
Radius, distal 1]75.0 204 S
Ulna, proximal 13lu8.3| 8.65.0|39-56| 17.8 |  [168-180]  3-u
Ulna, distal 1{75.0f | 204 | o3
Metacarpal 3|56.0|10.6] 6.1 u8-68 18.9 1168-252]  3-4
Phalanges, proximal row 3]51.7] 3.5/2.0} 48-52| 6.8 168-252 3—5
Os coxae, acetabular 6{27.0] u.5| 1.8/ 19-32| 16.7 Puberty
Femur, proximal 5{37.0{11.5) 5.2} 25-55| 31.2 192-204| - u-8
Femur, lesser trochanteric | 4{41,7| 7.1] 3.5 37-52] 16.9 192-204  4-5
Femur, distal ulse.0] 6.4} 3.2| u7-62] 11.2 |20u | 4
Tibia, proximal 2|58.5| 7.8 5.5\ 53-62 13.3 |  |192-216] - 3-u
Tibia, tuberosity 1{u7.0f 228 5
‘Tibia, distal 1/56.0 1216 | 4
Fibula, proximal 2{e6.0| 2.8 2.0|6u-68 u.3 192-216] 3
Fibula, distal 1{>75 | | 192 2-3
Calcaneal 3{51.7| 8.5\ u.9{u3-60| 16.u WL-264]  3-4
Metatarsal 3|55.7| 2.5{ 1.4{53-58] u.5 168-252|  3-u
'Phalanges, proximal row 3{55.7| 2.1 1.2| s4-58] 3.7 l132-26u4]  2-5

* Skeletal Maturation Chart of R. Hugo MacKay from Eastm

Division, Rochester 4, N.Y.

an Kodak Co. Medical
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Table 22

Chronological Results of Post-Surgical Examination of Vasculér'Catheters
"Implanted in the Pig-tailed Monkey #399, Catesby

Aorta _ Pulmonary Artery-
Sol'n Used to 4 Sol'n Used to
Day Post-Surgery | Fill Catheter Fill Catheter
of Catheter After Patency | = After Patency | Body Mass
Checks Condition | Check Condition | Check (kg)
1 through 8 W H W H
12 I-W H W H
13 W H W H
15 N-W B W H
18 W H W H
21 through 42 W H W H
47 W H I-W H
50 through 85 W H W H
88 I-w H W - H 10.20
92 I-W H 1) H .
95 through 161 W H W H
165 : W H I-w H
168 through 204 W H W H
214 ' W H NW B
216 _ W H I-W H
221 through 290 W H W H
297 W H I-W H
300 I-W B I-W "B
304 through 325 W ' H W "H
325 - ‘ W H NW B
339 through 362 W H W o H
367 I-W B I-W B 10.96
370 through 388 W H W - H :
393 - I-W B I-W B 11.00
396 - I-W B CI-W B
4ol 1) B W B
4oL W B W B
409 - W H 1) H
. 413 W H I-W B 10.96
416 I-W B W H
420 W H I-W B
423 to 430 W H W H 10.93
Legend: - Solution Condition
H = Heparin saline W = Withdrawal
B = Brinase saline I-W = Slight injection
before withdrawal
NW Non-functional
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Table 23

Chronological Results of Post-Surgical Examination'of,vaschlar Catheters
Implanted in the Pig-tailed Monkey #404, Tyrrel -

Aorta Pulmoniary Artery
A ~ (Dacron -Felt Patch)
: ' Sol'n Used to Sol'n Used to
Days Post-Surgery Fill Catheter Fill Catheter
of Catheter After Patency| = After Patency |Body Mass
Checks Condition| Check Condition]Check 1 (kg)
1 through 21 W H W H : 8.80
25 through 65 W H W H Series of LBNP tests.
68 through 103 W H W H Bioinstrumentation tests.
' 107 through 127 W " H W H . 8.60
130 through 205 W H W H '8.70
208 I-W H W H
209 through 230 W H W H-
233 ' I-wW B W ‘H 8.90
234 through 253 W 'H . W H
257 W H I-W B
260 NW B W H
264 NW B W H
267 NW B W H
271 cath. excised W H
at skin line :
278 " I-W H
281 through 337 W H 8.U5
341 through 396 W H In isolation box
intermittently.
400 1-W B Catheter accidentally.
' cut, then spliced.
404 through. 458 W H ‘
462 I-W B Leak in splice repaired
' "~ under anesthesia.
466 through 499 W H 8.74
504 through 510 W H 8.95
513 through 517 W H 8. 86
520 through 541 W H 9.23
- 545 I-W . B 8.07
S48 W H 9.04
Legend: Solution Condition
H = Heparin saline W = Withdrawal
B = Brinase saline I-¥ = Slight injection
before withdrawal
NW =

Non-functioﬁal
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Table 24

Census of Non-Human Primates (Macaca nemestrina)

1 February to 31 July 1972

‘Feb Mar Apr ‘May Jun.

Jul

No. at start of month 56 54 55 55 55

Acquisitions 0 1 0 o O
Deaths . 0 o 0 -0 'VO
Sacrifices 2 0 0 0 2

No. at end of month 54 55 55 55 53

53
.
0

0

53

% Birth, on 19 March 1972, Male #u418, Robin<:;

#51 Voltimand
261 Bona



